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Second in a series on Soviet seismoqraphic stations 

and seismic instruments, this report deals mainly 

with instruments and components developed since 1960, 

summarizing all the useful information oublished in 

Soviet scientific literature through June 1975. 

Among the conclusions:  (1) Short-oeriod seismometer 

design is constrained by massiveness.    (2) Long- 

period seismometers are not so mechanically and 

geometrically precise as modern U.S. types.    {$1 

Mechanical gain/attenuation Is widely obtained by 

varying the coil position.    (4) Response curves are 

more heavily damped.    (5) Short-period galvanometers 

are well developed.    (6) Older solid-state amplifiers 

are.1-2 orders of magnitude noisier than American ones. 

(7) FM tape recording is reasonably well developed. 

(8) Digital  systems are few and rather primitive.   (9) 

FM telemetry is little used.    (10) Photo-optical 

technology is well developed.    (11)  Recoraing is narrow- 

band, emphasizing the response needed in analysis. 

Appendixes give the main parameters of the computers 

used and list new seismographic stations.    Refs.    (See 

also R-120a ARPA,  R-1652-ARPA.)     (MU) 
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PREFACE 

This is Part II of a two-part Report prepared under a continuing 

Rand study, sponsored by the Defense Advanced Research Projecrs Agency, 

of selected areas of Soviet science and technology.  It presents data 

from open-source literature on Soviet seismographs — most of them 

developed since 1960 — and on their components and related equipment. 

Part I, R-1204-ARPA, published in May 1974, contains a general descrip- 

tion of Soviet seismographic sLations, with particular emphasis on 

seismograph systems, instrumental constants, and seismograph magnifica- 

tion curves. 

The Report is intended primarily for U.S. seismologists working 

with Soviet seismic data and for those interested in recent Soviet 

instruments developed for seismological research and in their ability 

to record both natural and man-made seismic events.  Soviet strong-motion 

and vibration-and-blast seismographs are dealt with in a separate Report 

by the same author, Soviet Stvong-Motion and Vibration-and-Blast Seis- 

mographs,   R-1652-ARPA, July 1975. 
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SUMMARY 

Tliis R?port is the second of two parts dealing with Soviet sels- 

mographlc stations and seismic Instruments.   It deals mainly with 

seismic Instruments and components developed since 1960 and thus excludes 

such older models as the SK broadband, general-purpose seismograph, the 

short-period SKh and SKM Instruments, and the Galltzln seismographs, 

a few of which are still In operation. 

This Report Is divided into six chapters.  '"Tncipter 1 deals with 

sbort-period and intermediate-band seismo^rariis and includes detailed 

descriptions of seismometers, galvanometer , amplifiers, reco-ding 

systems, and the best known seismograph s/utems formed by combining 

these components.  Chapter II examines long-period Instruments, including 

the excellent long-period galvanometers developed in the Soviet Union, 

East German galvanometers, and long-period selsmo eters and seismographs. 

Chapter III is devoted to special seismograph station networks, :he 

Soviet equivalent of seismic arrays.  Considerable Information is 

available on the KOD digital seismograph networks, which were developed 

exclusively for detection and Identification of nuclear explosions, 

on the more recent Triangle network, and on the simple networks for 

earthquake prediction in Ta .ikent and Alma-Ata.  Chapter IV summarizes 

the relatively scarce data on short-to-lntermedlate period and long- 

period, multiple band-pass, spectral analyzing seismographs consisting 

of a seismometer, a variable-gain, broadband amplifier, band-pass channel 

filters, and a light-beam oscillograph.  Chapter V reviews Soviet strain- 

meters.  Time-service equipment, magnetic drum recorders, and analog- 

to-digital converters are reviewed in Chapter VI. 

The Report summarizes all of the useful information on seismic 

instruments published in Soviet scientific literature through June 1975. 

Part I, R-1204-ARPA, published in May 1974, summarizes the data on 
168 seismographic stations known to be operating in the Soviet Union in 
1970 and on their seismographs.  A separate Report, Soviet Strong-Motion 
and Vibration-and-Blast Seismographs,  R-1652-ARPA, was published in 
July 1975. 

Preceding page blank 
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(Dozens of articles beyond those listed in the bibliography were used 

to evaluate certain contradictory data that appeared in descriptions 

of earlier models of instrvaents and components.)  As a result of a 

time lag between the development of an instrument or a component and 

publication of its description this Report probably reflects the status 

of Soviet seismographic instruments at the end of 1972. Wherever 

possible, the technical specifications given refer to the latest model 

of the instrument. 

The Report includes two appendixes.  Appendix A gives the technical 

specification, of Soviet computers used in seismology.  Appendix B 

summarizes information on Soviet seismographic stations that has become 

available since the publication of Part I of this Report. 

The most important conclusions concerning Soviet seismographic 

instruments are as follows: 

(1)  Short-period seismometer design is constrained by a tendency 

toward massiveness, probably ehe  result of low-output coil- 

magnet systems and noise levels in amplifiers and galvanometers. 

Magnification of ...000 to 50.000 at 1 Hz is considered high 

gain.  Even the borehole 1-Hz seismometer is a zero-length- 

spring pendulum design. 

(2)  Soviet seismologists show more interest in systems with flat 

response in the l-to-10-sec period band than do U.S. seis- 

mologists.  Except possibly for the most recently designed, 

experimental SVD-III and feedback-controlled models, Soviet 

iong-period seismometers, with upper-period limits of near 

25 sec and peak system magnifications of 1000, are apparently 

not as mechanically and geometrically precise as the modern 

U.S. Press-Ewing types. 
(3) Wide use is made of mechanical gain (or attenuation). This is 

obtained by varying the coil position relative to the center 

of oscillation of the pendulum. 
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(A)  In shaping response curves of Soviet instruments, much greater 

use is made of heavy damping than is made in the more conven- 

tional, rriticHlly damped models common in U.S. systems. 

(5) Galvanometers are well developed for short-period applications 

and reflect the current state of the art at 100- to 500-sec 

periods. 

(6) The noise of older Soviet solid-state amplifiers is one to two 

orders of magnitude higher than that of U.S. models. 

(7) Frequency-modulated magnetic tape recording, while not stand- 

ardized, seems to be well developed for slow-speed work, with 

reasonable signal-to-noise ratios. 

(8) Digital systems are few, special purpose, and rather primitive. 

(9) FM telemetry, both RF aid audio frequency, is in use at a few 

networks, but not generally applied. 

(10) photo-optical technology is ^ell developed as evidenced in the 

microphotorecorder. 

(11) In recording, the emphasis seems to be on obtaining the records 

with the response needed in analysis — as opposed to broadband, 

wide-dynamic-range recording and subsequent processing.  This 

is also partially true in the few digital systems, where 

limited word lengths and sample ratts necessitate some degree 

of signal conditioning.  This is doultiess a consequence of 

the inaccessibility of computer-processing facilities for 

routine seismological studies. 
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I.     SHORT-PERIOD MD  INTERMEDIATE-BAND 

SEISMIC   INSTRUMENTS 

SEISMOMETERS 

I. KS   [1] 

The recently developed short-period, high-gain KS seismometers 

(Fig. 1) are designed primarily for visual recording of the vertical 

and horizontal components of displacement.  Both the horizontal 

(KS-G) and vertical (KS-V) seismometers are pendulum instruments 

equipped with a single moving-magnet, stationary-coil transducer with 

electromagnetic damping and a magnetic shunt which makes it possible to 

adjust its sensitivity 10 to 15 percent.  The natural period of KS 

seismometers is adjustable between 0.8 and 4 seconds.  The seismom- 

eters are intended for operation under stationary and field condi- 

tions at temperatures between -30oC and .'.0oC and a relative numidity 

of up to 95 percent.  The technical specifications of KS are as 

follows: 

Natural period   1.5 sec (nominal) 

Reduced length   0.18 m 

Moment of inertia  0.35 kg-m2 

Signal-coil sensitivity    300 V/(m/sec) 

Damping-coil sensitivity    280 V/(m/sec) 

Calibration-coil sensitivity  .. 15 V/(m/sec) 

Signal-coil resistance   1250 ohms 

Damping-coil resistance   1100 ohms 

Calibration-coil resistance .... 160 ohms 

Dimensions   85.8 x 36.6 x 42.2 cm 

Weight   84 kg 

The coil sensitivity (S  ..) is the coil output for motion, 
coil r 

velocity in n/sec, of the center >f oscillation of the pendulum, which 
is the steady point of the pendulum for high-frequency motion.  Coil 
sensitivity can be converted to the generator constant by multiplying 
it by the reduced length and dividing by the distance between the hinge 
and the coil. 

MMMH 
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KS-V 

Fig. 1 — Schematic drawings of the KS-V and KS-G seismometers [1] 
1 - inertial mass 
2 - axis of rotation of the pendulum 
3 - moving magnet 
4 - fixed coil 
5 - pendulum-equilibrium-adjustment knob 
6 - period adjustment knob 
7 - magnetic shunt 
8 - zero-length spring 
9 - frame 

2.  SKM-3 [1,2] 

The standard, widely used, short-period SKM-3 seismometers 

(Fig. 2) are designed primarily for galvanometric recording of the 

vertical and horizontal components of displacement with amplitudes 

between 0.01 ym and 1 mm in the period range 0.2 and 10 to 15 sec. 

Each horizontal (SGKM-3) and vertical (SVKM-3) seismometer is a high- 

gain, pendulum instrument equipped with an electromagnetically damped 
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SVKM-3 

SGKM-3 

Fig. 2 — Schematic drawings of the SVKM-3 and SGKM-3 seismometers [1] 
1 - pendulum 
2 - permanent magnet 
3 - signal coil 
4 - suspension wire 
5 - flat hinges 
6 - two pairs of crossed flat hinges 
7 - helical spring 

ma—m 
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moving-coil transduv-er.  The natural period of SKM-3 seismometers is 

adjustable between 1 and 10 seconds.  They are intended for operation 

under stationary and field conditions at temperatures between -30ÜC 

and +40oC and a relative humidity of up to 95 percent.  The technical 

specifications of the SKM-3 are as follows: 

Natural period   1.6 sec (nominal) 

Reduced length   0.16 to 0.17 m 

Moment of inertia   0.3 kg'm2 

Signal- and damping-coil 
sensitivities   60 to 70 V/(m/sec) 

Signal- and damping-coil 
resistances   ^ ohms 

Dimensions   31 x 38 x 75 cm 

Weight   50 kg 

3.  USF-3K [1,2] 

The USF-3M is a short-period, high-gain pendulum seismometer with 

electromagnetic damping designed for galvanometric and visual recording 

of either vertical or horizontal components of displacement.  It is 

equipped with a signal and a damping coil inserted into separate air 

gaps of a permanent magnet.  Figure 3 shows the pendulum and the coil- 

magnet assembly of the USF-3M.  High sensitivity of the transducer is achieved 

oy allowing both the coils and the magnet to move in opposite directions 

and by connecting the coils to the pendulum by means of a lever.  The 

natural period of the USF-3M seismometer is adjustable between 0.2 and 

3 sec.  The USF-3M is changed from a horizontal to a vertical seismometer 

and vice versa by rotating the seismometer assembly 90° around the hori- 

zontal axis and by adjusting the helical spring.  It is inrended for 

operation at temperatures between -40oC and +50oC and a relative humidity 

of up to 95 percent.  The technical specifications of the USF-3M are 

as follows: 

——^Ma— 
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Natural period    1.5 sec   (nominal) 

Reduced  length    0.24 m 

Moment of  inertia    0.2 kg-m2 

Signal-coil sensitivity     114 V/(m/sec) 

Damping-coil sensitivity     38 V/(m/sec) 

Signal-coil  resistance     230 ohms 

Damping-coil  resistance     70 ohms 

Dimensions    33 x 20 x  16 cm 

Weight     12 kg 

Fig.   3 — Schematic  drawing of  the pendulum and  the coil-magnet 
assembly of  the USF-3M seismometer  [2] 
1 - helical spring 
2 - permanent magnet 
3 - coils 
4 - additional lever 
5 - pendulum 

4.  USF-4 [3] 

The USF-4 short-period, high-sensitivity pendulum seismometer with 

a velocity transducer and electromagnetic damping is an improved model 

of the USF-3M.  The USF-4, which can be used either as a horizontal or 

a vertical seismometer, is equipped with signal, damping, and calibra- 

tion coils and two independent coil-magnet assemblies.  High-sensitivi(;y 

k^M* 
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is achieved by making both the ».oils .   he magnets free to move in 

opposite directions and by connecting ehe coils to th*» pendulum by 

means of a lever. The seismometer is equipped with an automatic zero- 

position pendulum-correction device and a remote period-adjustment 

control.  Its natural period is adjustable between 0.5 and 5 sec. 

Each of the two coil-magnet assemblies can be used independently with 

shoit- and long-period galvanometers for photographic recording or 

with short- and long-pr.riod amplifiers for visual recording.  The major 

specifications of the USF-4 are as follows: 

Natural period   1.5 sec (nominal) 

Reduced length   1.0 to 0.226 m 

Moment of inertia   0.45 to 0.5 kg-m2 

Signal- and damping-coil 
sensitivities   70 to 310 V/(m/sec) 

Signal- and damping-coil 
esistances   5000 ohms 

Ca1ibration-coil resistance .... 50 ohms 

Dimensions   56 x 25 x 33 cm 

Weight   27 kg 

5.  VEGIK [4] 

Developed in the early 1950s, the VEGIK seismometer (Fig. 4) was 

designed primarily for galvanometric recording of either vertical or 

horizontal components of displacement 'ith amplitudes between a frac- 

tion of a micrometer and 2 mm in the period range 0.01 to 1 sec.  It 

is an electromagnetic, moving-coil, pendulum seismometer with electro- 

magnetic damping.  Although intended originally as a blast seismometer, 

it has found wide application in seismology. A system consisting of 

VEGIK seismometers and a photographic reccider can be used to register 

velocities rather than displacements by simply replacing the overdamped 

galvanometers with a natural frequency f < 15 Hz with high-frequency 

galvanometers.  The natural period of the VEGIK is adjustable between 

0.8 and 1.5 sec.  A helical spring in the vertical seismometer is used 

to compensate the force of gravity and to adjust its period. A 

MMMHiMh - ■ - ■  " - 
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pendulum-positioning knob ar'.i a period-control knob aie used when the 

VFGIK ii responding to horizontal motion.  The seismometer is intended 

for operation under stationary or field conditions, at temperatures 

between -20CC and +40oC, r.nd a relative humidity of up to 90 percent. 

The technical specifications of the VEGIK seismometer are as follows: 

Natural period   1 sec (nominal) 

Reduced length   0.097 m 

Signal- and daoiping-coil 
sensitivities   20 V/(m/sec) 

Signal- and damping-coil 
resistances   45 ohms 

Moment of inertia   0.1 kg-m2 

Dimensions   11 x 16 x 34 cm 

Weight   10 kg 

i 

Fig.   4 — Schematic drawing of  the VEGIK seismometer   [4] 
1 - pendulum 
2 - axis of rotation formed by two pairs 

of crossed steel hinges 
3 - mast 
4 - helical spring 
5 - pendulum-positioning screw 
6 - period-control screw 
7 - coil 
8 - permanent magnet 

teMH mtm J 
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6.     SM-2M  [1,5J 
The SM-2M  (Fig.   5),  an electromagnetic,  moving-coil,  pendulum 

seismometer with electromagnetic damping is  an  improved version of  th« 

VEGIK seismometer.     It  is  intended primarily  for galvanometric record- 

ing of  either veruical or horizontal components of displacement with 

amplitudes between 0.1 m and  3 vm in  the frequency range 0.7  to 200 Hz, 

\_VXXXXSSXXSXXSSXXXX 

Fig. 5 - - Schematic drawing of the SM-2M seismometer [11 

1 - pendulum 
2 - permanent magnet 
3 - signal coil 
4 - temperature-compensation device 
5 - replaceable crossed flat hinges 

forming the axis of rotation 
6 - helical spring 
7 - spring- and period-adjustment mechanism 

The SM-2M is equipped with a helical spring which compensates the 

force of gravity in the vertical seismometer and provides an adjustable 

astatizing force In the horizontal seismometer. A system consisting of 

SM-2M seismometers and a light-beam oscillograph can also be used to 

record velocities rather than displacements by replacing the overdamped 

galvanometers (f < 15 Hz) with high-frequency galvanometers. 

tmtmaam 
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The SM-2M can be changtv from a horizontal tu a vertical seismom- 

eter and vice versa by rotating the seismometer assembly 90° around 

the horizontal axis and adjusting the helical spring.  The SM-2M can 

be rigidly attached to an objact and operated at any angle between 

0 and 180° to the hurlcoutal.  It is equipped with a temperature- 

compensation device which maintains the equilibrium position of the 

pendulum when temperature varies *20oC from the nominal value.  The 

natural period of the SM-2M is adjustable between 0.7 and 2 sec.  It 

is hermetically sealed and is watertight up to 1.5 m of water.  The 

technical specifications of the Si?-2M are as follows: 

Natural period   1.5 sec (nominal) 

Damping factor   0.6 

Reduced length   0.087 in 

Signal-coil sensitivity   37 V/(m/sec) 

Damping-coil sensitivity   12 V/(m/sec) 

Signal-coil resistance   130 ohms 

Damping-coil resistance   45 ohms 

Moment of inertia   0.0085 kg'nr 

Dimensions   14.5 x 16.7 x 23 cm 

Weight   5.6 kg 

When first developed, the SM-2M had a single coil.  This was a 

low-impedance coil when the SM-2M was coupled with overdamped galva- 

nometers with f < 15 Hz for use primarily in engineering work and i 
s 

high-impedance coil when the seismometer was coupled to an amplifier. 

Damping could be introduced by shunting the coil by means c an ex- 

ternal switch.  The technical specificatiois of the older SM-2M seis- 

mometer, with a high-impedance coil, which differ from the one de- 

scribed above are: 
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Coil resistance   •    3000 ohms 

Shunt  rf-sistance    6000 ohirj 

Equivalent  resistance       2000 ohms 

Signal-coil sensitivity with 
the shunt  connected      165 V/(ra/sec) 

Electromagnetic damping factor..   0.5 

7.     SM-3   [1] 

The SM-3 (Fig. 6), an electromagnetic, moving-coil, pendulum seis- 

mometer with electromagnetic damping is an improved version of the 

SM-2M.  Structural changes slightly improved its response to large 

amplitude displacements (from 3 mm for SM-2M to 5 mm for SM-3) and ex- 

tended the lower limit of its frequency range (from 0.7 Hz for SM-2M 

to 0.5 Hz for SM-3).  ! owever, the major improvement of the SM-3 over 

the SM-2M is the convenience and ease of its operation. The natural 

period of the SM-2M is adjustable between 0.7 and 3 sec.  The technical 

specifications of the SM-3 are as follows: 

Natural period   2 sec (nominal) 

Damping factor   0.6 

Reduced length   0.085 m 

Signal- and damping-coil 
sensitivities   20 V/(m/sec) 

Signal- and damping-coil 
resistances   65 ohms 

Moment of  inertia    0.0089 kg-m2 

Weight     5.5 kg 

In all other  respects  the SM-3 seismometer appears  to be  identi- 

cal   to   the  SM-2M. 
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Fig.   6 ~  Schematic drawing of  the SM-3   [1] 
1 - pendulum 
2 - coil 
3 - permanent magnet 
4 - crossed flat hinges forming 

the axis of rotation 
5 - temperature-compensation device 
6 - helical spring 
7 - spring- and period-adjustment 

mechanism 

8.     S5S   [6,7] 

The S5S   (Fig.   7)   is an electromagnetic,  moving-magnet,  double- 

pendulum seismometer with adjustable  electromagnetic damping intended 

primarily  for  galvanometric  recording of either vertical or horizontal 

components of displacement with amplitudes between 0.01 pm and  15 mm 

in  the period  range 0.01 to 5 sec.     A system consisting of S5S  seis- 

mometers  and oscillographs can also  record velocities  rather  than  dis- 

placements by  replacing the overdamped galvanometers with  f   <  15 Hz 

/ith high-frequency  galvanometers.     The S5S  can  be  changed  from a hori- 

zontal  to a vertical  seismometer by  rotating  the seismometer assembly 

90°  around  the horizontal axis and adjusting the  spring.     The pendulum 

of  the seismometer consists of  two  rigidly connected  cylindrical 

MM ■MM 
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FIR.   7 —  Schematic  drawing  of   the S5S  seismometer   [1] 
1 - pendulum 
2 - magnet 
3 - axis of rotation of the pendulum 
4 - zero-length spring 
5 - equilibrium position control 
6 - temperature-compensation device 
7 - signal and damping coils 
8 - period-adjustment screw 
9 - base of stand 

10 - base of frame 

magnets located on opposite sides of the axis of rotation.  The pendu- 

lum is suspended from the stand by two pairs of crossed, flat hr'nges 

forming the axis of rotation.  A helical spring between the mast and 

the temperature-cotiipensation device, locate' on the side of one of the 

magnets, balances the weight of the pendulum.  The seismometer is 

equipped with two stationary coils (signal and damping) attached to the 

stand.  Its natural period can be adjusted between 1 and 5 sec by 

changing the angle between the stand and the base of the frame.  It is 

hermetically sealed and can operate at temperatures between -50oC and 

+50oC.  The technical specifications of the S5S are as follows: 

■■ mmm ■•■ - —- 
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Natural period   5 sec (nominal) 

Reduced length   0.425 m 

Signal-coil sensitivity   12.8 V/(m/sec) 

Damping-coil sensitivity   6.3 V/(m/sec) 

Signal- and damping-coil 
resistances   88 ohms 

Moment of inertia   0.066 kg-m2 

Dimensions   15 x 16 x 36 cm 

Weight   11kg 

B.  GALVANOMETERS 

1.  GK-VIIM [1,2] 

The GK-VIIM galvanometers (Fig. 8) are used with SK and SKD as 

well as most moderate-to-high-gain, short-period, photographically 

recording seismographs. Each galvanometer is inserted into a separate 

magnet assembly equipped with a magnetic shunt.  The galvanometer coil 

consists of 160 turns of 0.08-nim-diameter copper wire.  The suspension 

is made of two phosphor bronze ribbons, 7 to 8 um thick and 0.15 to 

0.18 mm wide, which also are the current leads.  The maximum magnetic 

field strength in the air gap is 2000 6.  The technical specifications 

of the GK-VIIM are given in Table 1, where T is the galvanometer 

period, C. is the current sensitivity, R is the coil resistance, 

CDRX is the external resistance at critical damping, and K is the 

moment of inertia.  These galvanometers are intended for operation 

under stationary or field conditions at temperatures between -30oC and 

+40oC and a relative humidity not exceeding 95 percent.  The dimensions 

of the GK-VIIM are 15 x 15 x 30 cm and they weigh 6.4 kg. 
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Fig.   8 — Schematic drawing of  the GK-VIIM galvanometer   [1] 
1 - permanent magnet 
2 - pencil galvanometer insert 
3 - window 
4 - magnetic shunt 
5 - period-adjustment scale 
6 - base plate 

Table 1 [1] 

TECHNICAL SPECIFICATIONS OF THE GK-VIIM GALVANOMETER 

T 
g 

(sec) 

1.1 to 1.3 

0.55 to 0.65 

0.3 to 0.4 

0.18 to 0.20 

C. 
i 

(A/mm at 1m) 

1 x lO-0 

8 x lO"9 

1.7 x 10"8 

7 x lO"8 

R 
g 

(ohms) 

49 ± 3 

75 ± 7 

70 i 7 

65 ± 7 

CDRX 
(ohms) 

850 

320 

200 

65 

K 
g 

(kg-m2) 

(4 to 5) x lO"9 

(1.6 to 2.4) x lO-10 

(1.6 to 2.4) x lO-11 

(1.6 to 2.4) x lO-11 

■M 
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The photorecording equipment used at Soviet permanent seismo- 

graphic stations consists of sets of three GK-VIIM galvanometers, three 

collimators, and a PS-2M drum recorder, installed in a special dark room. 

2.  GB-III and GB-IV [1,2,8,9] 

The GB-III and GB-IV are the two basic galvanometer types used 

widely in seismology and seismic engineering as the sensing elements 

of light-beam oscillographs.  Each type includes several series that 

differ in their natural frequency, current sensitivity, coil resistance, 

and other parameters.  Soviet seismologists separate all galvanometers 

used in seismic applications into two groups:  (a) high-frequency 

galvanometers with "le natura] frequency f > 30 Hz and optimal damping 

of about 0.7 and (b) heavily overdamped with f S 15 Hz, optima] damp- 

ing as high as 25 to 30 times critical damping, and high coil resis- 

tance.  The response of high-frequency galvanometers extends between 

approximately one-half of its natural frequency and dc; that of a 

heavily damped galvanometer is symmetric about [ts natural frequency. 

The GB-III and GB-IV galvanometers are i..^onded for use primarily 

with galvanometrlcally recording strong-motion instruments.  The GB-III 

and GB-IV are interchangeable, with two GB-IV galvanometers used for 

each GB-III.  The smaller size of the GB-IV is achieved by using a 

narrower, lighter coil than in the GB-III. 

A schematic drawing of the GB-III and GB-IV galvanometers is shown 

in Fig. 9.  Table 2 gives the technical specifications of galvanometers 

recommended for use in seismic engineering and seismology.  (In this 

table f is the natural frequency of the galvanometers, R is the ex- 

ternal resistance at 0.7 critical damping, I   is the maximum current, 
max ' 

and the other symbols are the same as those used in Table 1.) 

According to [10], the main reason that both the GB-III and GB-IV 

series galvanometers are being manufactured is the inability of Soviet 

industry to fabricate narrow suspensions with a torsion constant suffic- 

iently low for low-frequency (f < 5 Hz) GB-IV galvanometers.  Whenever 

both GB-III and GB-IV galvanometers with the same natural frequency 

are available, it is usually preferable to use GB-IV models. 

' 
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CB-lII CB-IV 

Fig.   9 — Schematic drawings of  the GB-III and GB-IV galvanometers   [6] 
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Table 2 [1,11] 

TECHNICAL SPECIFICATIONS OF GB-III AND GB-IV GALVANOMETERS 

Galvanometer 

f 
g 

(Hz) 

Cl 
(A/m at 1m) 

R 
(ohms) 

R 
(ohms) 

I max 
(mA) 

K 
8 , 

(kg-m2) 

GB-III-B-0.8 
GB-III-B-1 
GB-III-B-2.5 
GB-III-B-5 
GB-III-B-10 

0.8 
1.25 
2.5 
5 

10 

2.5xl0-9 

4.0x10"9 

1.5xl0-8 

ö.OxlO-8 

2.5xl0-7 

52 
64 
60 
56 
56 

5000 
6000 
3000 
1500 
750 

0.003 
0.011 
0.044 
0.18 

1.20xl0-9 

1.15xl0-9 

1.13x10-9 

I.50x10-9 

1.15xl0-9 

GB-III-C-1 
GB-III-C-2.5 
GB-III-C-5 
GB-III-C-10 

1.25 
2.5 
5 

10 

1.6xl0"9 

S.OxlO-9 

30.0xl0-8 

1.2xl0-7 

400 
400 
400 
400 

42000 
19000 
9500 
4700 

0.001 
0.006 
0.0022 
0.09 

— 

GB-III-BS-0.8 
GB-III-BS-1.0 
GB-III-BS-2.5 
GB-III-BS-2.5 
GB-III-BS-5 
GB-III-BS-10 

0.8 
1.25 
2.5 
2.5 
5 

10 

5.0xl0-9 

l.OxlO-8 

A.OxlO-8 

l.AxlO"8 

1.5xl0-7 

5.0x10"7 

52 
64 
60 
76 
56 
56 

800 
950 
420 
360 
220 
110 

0.004 
0.008 
0.03 
0.01 
0.1 
0.4 

1.2xl0-9 

1.15xl0-9 

1.15xl0-9 

0.2xl0-9 

1.15xl0-9 

1.15xl0-9 

GB-III-3 5 2xlO-8 140 4000 — 1.15xl0-9 

GB-III-BM-1 
GB-III-BM-2.5 
GB-III-BM-5 
GB-III-BM-10 

1.25 
2.5 
5.0 

10.0 

2xlO-9 

7x10"9 

3xl0-8 

1.2xl0-7 

76 
76 
76 
76 

4600 
2300 
1150 
550 

— 
0.2xl0-9 

0.2xl0-9 

0.2xl0-9 

1.15xl0-9 

GB-IV-B-1 
GB-IV-B-2 
GB-IV-B-3 

20-30 
60 

120 

1.3x10-' 
l.OxlO-7 

A.0x10"7 

170.0 
170.0 
170.0 

3200 
1050 
470 

0.04 
0.2 

— 

GB-IV-C-1 
GB-IV-C-2 
GB-IV-C-3 

30 
60 

120 

2.0xl0-8 

l.OxlO"7 

3.0x10-7 

58.0 
58.0 
52.0 

1200 
350 
175 

0.01 
0.04 
0.2 

4.5x10"12 

4.5x10-12 

4.5x10-12 

GB-IV-S-5 
GB-IV-S-10 
GB-IV-S-15 

5 
10 
15 

5.0xl0-9 

2.0x10"8 

5.0xlO-8 

78 
54 
54 

2600 
1200 
800 

0.002 
0.007 
0.025 

1.7X10-11 

9.4x10-12 

9.4x10"12 

GB-IV-SI-5 
GB-IV-SI-10 

5 
10 

8xl0-9 

3xlO-8 
65 
65 

5000 
2500 

— 1.5xl0-10 

1.5xl0-10 

GB-IV(M-001) 120 AxlO-7 54 liq.damp. — 4.5xl0-12 

mm 
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This fact is easily verified by Table 2 which shows that the GB-IV 

galvanometers are more sensitive and have a lower moment of inertia 

than the GB-III galvanometers with the same natural frequency. 

C.  AMPLIFIERS 

1. UPN-3 Amplifier System [12] 

The UPN-3 is a transistorized, three-channel amplifier system in- 

tended for use with short-period electromagnetic seismometers and pen 

recorders.  Each channel of the UPN-3 consists of three dc amplifiers. 

Negative current feedback is used for gain stabilization and for re- 

ducing the unbalance.  Each channel is equipped with an LC and a low- 

pass integrating filter.  The frequency response of the UPN-3 amplifier 

is shown in Fig. 10.  The amplifier can be operated in the temperature 

range +50C to +350C with the gain not varying by more than ±5 percent 

from the nominal gain at +20<,C.  Its technical specifications arc as 

follows: 

Voltage gain  < 70,000 

Noise at the input  H uV rms 

Input impedance   1300 ohms 

Output impedance   two 160-ohm coils of GPT-II 
galvanometers used in hot- 
pen recorders 

Output voltage   10 V 

Power supply   127 or 220 V ac, 10 W 

Dimensions   49 x 19.5 x 36.5 cm 

Weight   12 kg 

2.  IPR Galvanometer Amplifier with a Parametric 

Variable-Reluctance Transducer [1,13] 

The one-channel IPR amplifier system (Fig. 11) is intended for 

use with an electromagnetic seismometer and a pen recorder.  Two thin 

copper plates are attached to the ends of the stop on top of the coil 
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Fig. 10 — Frequency response of the UPN-3 amplifier system [12] 
1 - without the low-pass integrating filter 
2 - with the low-pass integrating filter 

output 

Fig.   11 —  Schematic drawing of  the IPR galvanometer amplifier 
with a parametric variable-reluctance  transducer   [1] 
1 - 2-kH sine-wave generator 
2 -  transistorized carrier-frequency amplifier 
3 - galvanometer of  the F117 phototube amplifier 
4 - variable-reluctance transducer 

W mamm mm MHBMh 
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of the galvanometer usually used in an F117 galvanometer phototube am- 

plifier.  The free ends are centered in the air gaps of two electro- 

magnets, each consisting of a ferromagnetic split ring and a winding 

forming a bridge circuit connected to a source of 2-kHz sine-wave 

voltage.  The voltage across the bridge diagonal is fed into a tran- 

sistorized amplifier and then to a phase-amplitude modulation detector, 

Deflection of the galvanometer's coil and the stop unbalances the 

circuit, causing voltage to appear at the output of the amplifier. 

The IPR can be operated at temperatures between +10oC and +40oC and 

relative humidity of up to 80 percent.  The technical specifications 

of the IPR amplifier are as follows: 

Voltage gain  <106 

Input resistance (galvanometer- 
coil resistance)   56 ohms 

Noise at the input  <0.05 pV 

Output voltage   ±10 V 

Output impedance  —50 ohms 

Dynamic range   54 to 60 dB 

Galvanometer period ..,-  2 to 4 sec 

External critical-damping 
resistance   -1000 ohms 

Power supply  127 or 220 V ac, 3 to 5 W 

Dimensions   18 x 33 x 20 cm 

Weight   1.5 kg 

RECORDING SYSTEMS 

1.  Standard PS-3M Drum Recorder and Light-Beam Oscillographs 

a.  PS-3M [2,1J.  The PS-3M is the standard drum recorder used 

with galvanometrically recording seismographs at Soviet seismographic 

stations.  A 29-cm-wide, 90-cm-long loop of photographic paper is 

mounted on a drum rotating at a uniform speed and translated at a con- 

stant rate along a threaded shaft.  In the older PS-2 models the drum 

was rotated by means of a weight-controlled mechanism regulated by a 

conical pendulum device.  Time marks from an MKh marine chronometer 
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were printed every minute.  The newer PS-3M model is equipped with a 

more precise quartz timing system and a DSD-60 synchronous motor, with 

deviation from the constant rotation rate of 1 rev/min occurring only 

as a result of voltage fluctuations of the power supply.  Precise time 

signals received by radio are recorded at unspecified time intervals. 

The PS-3M may be used at temperatures and relative humidity limited 

only by the photographic paper used with the recorder.  The principal 

technical specifications of the PS-3M are as follows: 

Rotation speeds   7.5, 15, 30, 60, 120, 
240 mm/min 

Translation rates   0.5, 0.7, 1, 1.25, 1.5, 
2.5, 3.5, 5 ram/rev 

Paper width   up to 28 cm 

Paper length   90 cm 

Power supply (motor only)   24 V, 4 W 

Dimensions   60 x 35 x 45 cm 

Weight   56 kg 

b.  OSB-VI-M [14].  The OSB-VI-M is a six-channel, light.-beam oscil- 

lograph designed primarily for the regifitration of earthquakes.  It re- 

cords on a 28-cm-wide, 90-cm-long loop of photographic paper mounted on 

a drur rotated at a uniform speed by a synchronous motor.  Translation 

rates between 0.5 and 3 mm/rev are achieved by means of a slowly turning 

mirror. The oscillograph is equipped with six GB-III or twelve GB-IV 

galvanometers.  Time marks are printed on the paper in the form of 

breaks in the lines when a relay briefly disconnects the clrciit between 

the power supply and the galvanometer illuminator.  The OSB-VI-M is 

equipped with an automatic spot-brightness control described in [15]. 

In the absence of ac electricity, the drum can be driven by an external 

spring drive.  It is intended for field and stationary use at temperat ires 

between -10oC and +40oC and at relative humidity of up to 80 percent. 

The technical specifications of the OSB-VI-M light-beam oscillograph are 

as follows: 
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Optical lever   50 cm 

Rotation rates with motor   15, 30, 60, 120, 240, 

480 mm/min 
with spring drive   30, 60, 120 mm/mln 

Rotation rate error  <1% 

Translation rates   0.5, 1, 2 mm/rev 

Record duration with motor   12 hrs at 120 mm/min 
with spring drive   8 hrs 

Power supply   220 V ac, 20 W 

Dimensions   67 x 43.5 x 35.5 cm 

Weight   45 kg 

c.  OSB-IMp [16].  The OSB-IMp is a portable, light-beam oscil- 

lograph designed for continuous three-to-six channel recording on 

standard 12-cm-wlde photographic paper that is either mounted on an 

enclosed drum or advanced at a uniform speed between cassette reels. 

It is equipped with a synchronous motor which has to be used with the 

cassette.  The drum, however, can be driven by either the motor or an 

external spring drive, with a centripetal device for velocity control. 

The OSB-IMp is usually used with six GB-IV or, less frequently, with 

three GB-III galvanometers.  The tiire marks from an outside clock are 

printed on the paper in the form of breaks in the lines when a relay 

briefly disconnects the circuit between the lamp Illuminating the 

galvanometer mirror and the power supply.  The oscillograph is equipped 

with a variable-width diaphragm lather than with an automatic spot- 

brightness control.  Figure 12 shows i  cross section of the OSB-IMp 

and Fig. 13, a schematic drawing of ils optical system.  The OSB-IMp 

is Intended for operation at temperatures between -10JC and 30oC and 

relative humidity of up to 80 percent.  The technical specifications 

of the OSB-IMp are as follows: 

Number of channels   3 to 6 

Mode of operation   Continuous 

Optical lever   30 cm 

Recording medium   Photographic paper 12 cm 

wide and 45 cm long for a 
drum and 10 ra long for a 
film cassette 

——  
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Recording speed 
drum with motor   0.25, 0.5, 1, 2, A, 8, 16, 

32, 64 mm/sec 

drum with spring drive   0.125, 0.25, 0.5, 1, 2 mm/sec 

cassette with motor   0.156, 0.312, 0.625, 1.25, 
2.5, 5, 10, 20, 40 mm/sec 

Translation rates 
drum   0.5, 1, 2 mm/rev 
cassette   0 

Record duration 
drum with motor   8 hrs at 1 mm/sec and 

0.5 mm/rev 

drum with spring drive   8 hrs 

Power supply   220 V ac 30 W 
with spring drive   3 V dc, 0.5 W 

Dimensions   59 x 30 x 28 cm 

Weight   20 kg 

6  5 

Fig. 13 — Schematic drawing of the optical system 

of the OSB-IMp [16] 
1 - lamp 
2 - shielding cap 
3 - cylindrical lens (probably oriented 

vertically) 
4 - galvanometer with spherical lens and 

mirror 
5 - variable-width diaphragm 

6 - cylindrical lens 
7 - drum 
8 - mirror 
9 - viewing window screen 

mm mm 
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2.  PVZ-T and PVZ-2 Ink-Pen Recorders [17] 

The PVZ-T ink-pen recording sysr.jm (Fig. 14) and the later model 

PVZ-2 are designed for high-gain registration of seismic events.  The 

PVZ-T is a four-channel recorder, writing on a 29-cm-wide, ISO-cm-long 

loop of paper mounted on a drum and a tension roller, rotated at a uniform 

speed by a specially designed low-power dc motor operated by a battery 

switched on by three photodiodes.  The speed of the motor is controlled 

by a centripetal device consisting of three shutters with springs.  The 

PVZ-T is equipped with a transistorized, low-noise amplifier system, 

consisting of a three-stage preamplifier with a gain of 200 and a separate 

power supply, both of which are usually placed with the seismometers 

and a three-stage, negative-feedback power amplifier with a maximum gain 

of 10k.     The sensitivity of the pen head is -160 uA/mm at 1 m and the 

signal-coil impedance matched to that of the postamplifier, is 800 ohms. 

The damping factor of the pen at norma] gain is usually adjusted to 

0.4 to 0.5.  The technical specifications of the PVZ-T ink-pen recorder 

are as follows: 

Number of channels   1 to 4 

Rotation rates   15, 30, 60, 120. 240 mm/min 

Rotation rate error   0.5% 

Translation rates   1.5 to 5 mm/rev 

Record duration (three 
channels)   36, 24, 12, 8, 3 hrs 

Maximum resonant frequency 
of pen   6 to 7 Hz 

Pen sensitivity   160 pA/mm at 1 m '20% 

Maximum double amplitude   4 cm 

Power supply   12 v dc. 2 • ^ w 

Dimensions   94 x 70 x 44.5 cm 

Weight   70 kg 

*A portable, one-channel model of the PVZ-T is known as the KSE-1, 

i*mm*m*—m^*m*m*-~~--~~--~~m-~~~~~-~~--~~.   
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Fig. 14 — Schematic drawing of the ink pen used in 
the PVZ-T recorder [17] 
1 - springs 
2 - rod 
3 - magnetic circuit 
4 - pen 
5 - spring 
6 - magnetic shunt 
7 - signal and damping coils wound on a 

coil former rigidly attached to rod 

3.  Heated-Stylus Recorders 

a.  N-002 [18,19],  The N-002 (Fig. 15) is a three-channei hot-pen 

recorder that writes on a 30.5-cm-wide, 90-cm-long loop of heat sensitive 

paper mounted on a drum driven by a G-31 synchronous electric motor. 

The recorder is equipped with three GPT-1I galvanometer pens (Fig. 16). 

Constant trace width is maintained independently of the deflection rate 

of the galvanometer pen, and thus independently of the amplitude and 

frequency of the input signal, by means of a power amplifier, which 

automatically adjusts the pen-heating current proportionally to the 

voltage fed to the per..  Time marks are printed on the heat-sensitive 

paper by means of a relay that briefly disconnects the circuit between 

the pen and the power supply and by means of a separate GPT-Il pen.  The 

recorder is intended for operation under stationary conditions at temper- 

atures between 10oC and 40°C and a relative huridity of up to 80 percent. 

The N-002 is usually used with UPN-3M or IPR-M amplifiers, which are 

the latest models of the UPN-3 and IPR amplifiers described in Section I-C. 

The technical specifications of the N-002 hot-pen recorder are as follows: 
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Fig. 15 ~ Schematic drawing of the N-002 hot-pen recorder [19] 
1 - relay 
2 - magnetic system 
3 - control knob for adjusting magnetic system 
4 - galvanometer 
5 - galvanometer pen 
6 - pen-lifting lever 
7 - electric motor 
8 - drum 
9 - rubber roller drive 
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Fig.   16 — Schematic  drawing of the GPT-II galvanometer pen  [20] 
1 - housing 
2 - lining of Armco steel 
3 - insert 
4 - core 
5 - coil 
6 - suspension 
7 - screw 
8 - contact cap 
9 - spring 

10 - pen 
11 - magnet 
12 - pole piece 
13 - clamping screw 
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Frequency range     0 to  3 Hz 

Maximum double amplitude      40 mm 

Trace  thickness      <0.5mm 

Rotation  speeds       30,  60,   120,   240 mm/min 

Translation rates       1-75,   3.5,   5.   10 mm/rev 

Record duration      26 hrs at  30 mm/min and 
1.75 mm/rev 

Galvanometer pen 
Natural frequency   18 Hz 
Current sensitivity   1.5 x 10  A/mm at 1 m 
Voltage sensitivity   0.22 V/mm at 1 m 
Coil resistance   160 x 2 ohms 
Pen resistance   3 ohms 

Power supply   127 or 220 V ac. 70 W 

Dimensions   ^8 x 46 x 47 mm 

Weight   38 kg 

b.  PST [1].  The PST three-channel hot-pen recorder (Fig. 17) 

is a modified model of the N-002.  It records on a 30.5-cm-wide, 90-cm- 

long loop of heat-sensitive paper mounted on a drum driven by a synchronous 

electric motor.  The PST is equipped with three GPT-II galvanometer 

pens (Fig. 16), which are also used in the N-002.  Constant trace width 

is maintained independently of the deflection rate of the galvanometer 

by means of a power amplifier, which automatically adjusts the pen-heating 

current in proportion to the voltage fed to the pen.  Time marks are 

printed on the heat-sensitive paper when a relay l -lefly disconnects 

the circuit between the pen and the power supply. The recorder is 

intended for operation at temperatures between +10oC and +40^ and 

relative humidity of up to 80 percent.  The technical specifications of 

the PST art- as follows: 

Frequency range   0 to 3 Hz 

Maximum double amplitude   20 mm 

Trace thickness   ^0-4 n™ 
Rotation speeds   30, 60. 120, 240 mm/min 

Translation rates   1. 1-75, 3.5, 5 mm/rev 

mumm 
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Record duration (three channels) .. 1 to 48 hrs 

Galvanometer 
Natura? frequency   15 to 16 Hz 
Current sensitivity   2 x 10-3 A/mm at 1 m 

Power supply   127 or 220 V ac, < 1 A 

Dimensions   49 x 43.5 x 33.5 cm 

Weight   27 kg 

Fig. 17 — Schematic drawing of the PST hot-pen recorder [1] 
1 - housing 
2 - drum with loop of heat-sensitive paper 
3 - pen 
4 - electric motor 
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c.  PP-6 [20].  The PP-6 six-channel recorder, one of the earliest 

heated-stylus units, was developed for use in seismology and elsewhere. 

It records on 30-cm-wide, 50-m-long roll of heat-sensitive paper trans- 

ported between supply and take-up reels by a synchronous motor without 

transverse motion.  It has an opening through which the paper can be 

fed to the outside for quick processing of the seismogram.  The recorder 

is equipped with six GPT-II galvanometer pens (Fig. 16).  Constant trace 

width is maintained independently of the deflection rate of the pen by 

ueans of a power amplifier.  Time marks from a clock are recorded along 

both sides of the paper.  The technical specifications of the PP-6 hot- 

pen recorder are as follows: 

Frequency range   o to 7 Hz 

Maximum double amplitude   40 mm 

Trace thickness   < 0.5 mm 

Rotation speeds   0.25, 0.5, 1, 2, 4 mm/sec 
or 4, 8, 16, 32, 64 mm/sec 

Galvanometer 
Natural frequency   10 Hz 
Current sensitivity   lO"3 A/mm at 1 m 
Voltage sensitivity   5 x lO"2 V/mm at 1 m 
Coil resistance   50 ohms 
Pen resistance   3 ohms 
Maximum coil current   u A 
Maximum pen current   0.5 A 

Power supply   127 or 220 V ac, <1 A 

Dimensions   59 x 44 x 21 cm 

Weight   29 kg 

d.  SPR [1].  The SPR hot-pen recorder (Fig. 18), designed originally 

for use at seismic stations equipped with tsunam.' warning equipment, 

is presently being used with both low-gain, wide-hand and high-gain, 

short-period seismometers.  Although described as having from one to 

three channels, it is recommended as a one-channel recorder.  It records 

on a loop of heat-sensitive paper of unspecified dimensions mounted on a 

drum.  The time marks arre provided from an external clock.  The SPR 

is equipped with a 10- to 15-Hz galvanometer pen.  Although the SPR can 

flMMMWi 
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An" 

Fig. 18 — Schematic drawing of the SPR hot-pen recorder [1] 
1 - galvanometer pen 
2 - drum with heat-sensitive paper 
3 - motor 
A - amplifier system, timing-pulse generator, 

and earthquake-signal relay 
5 - power transformer 
6 - earthquake light-warning system 
7 - earthquake sound-warning system 

be operated with an internal powei amplifier, it is usually used with 

either a UPN-3M or the IPR amplifiers. The technical specifications of 

the recorder are as follows: 
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Number of channels   1 to 3 

Maximum double amplitude   100 mm 

Minimum trace thickness   0.2 mm 

Recording speeds   4.5, 6.0, 12, 30 mm/min 

Pen translation rate   2 mm/rev 

Dynamic range (one channel) .... 54 dB 

Input impedance of power 
amplifier   ~500 ohms 

Galvanometer pen 
Natural frequency   10 to 15 Hz 
Damping   Critical 
Voltage sensitivity   0.2 V/mm at 1 m 

Power supply   127 or 220 V ac, 10 W 

Dimensions   33 x 46 x 60 cm 

Weight   20 kg 

4.  Electrostatic Recorders 

a.  PEG-I [21,22,1].  The PEO-I (Fig. 19), a compact,  hree-to-six 

channel, electrostatic light-beam oscillograph, records on ]20-mm-wide, 

plain strip-chart paper.  Developed in 1969-1970, the PEO-l is apparently 

intended to replace similar earlier models of electrostatic recorders, 

such as the SEO-I, N-001 (SEO-II), and the A-002 attachment to the N-700 

light-beam oscillograph; these recorders used low-sensitivity paper 

that required toxic developers. 

The PEO-I is operated in a standby mode and actuated without a loss 

of motion by an unspecified electronic trigger.  Its metallic drum, 

driven at a uniform speed by an electric motor, is covered with a layer 

of selenium or arsenic-selenium.  The light beams reflected from the 

galvanometer mirrors establish electrostatic patterns of trace images 

on the selenium layer.  When actuated, the images are automatically 

developed by charged dry powder, and then transferred and heat fused 

onto plain strip-chart paper.  The developed paper is either wound on 

the take-up roel or fed outside for quick processing of the seismogram. 

The recorder is intended for operation under stationary and field condi- 

tions at temperatures between +150C and +30oC and a relative humidity 

of up to 80 percent.  The technical specifications of the PEO-I are as 

follows: 
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Fig. 19 — Schematic drawing of the PEO-I electrostatic 
light-beam oscillograph [1] 
1 - lamp 
2 - mirror 
3 - lens 
4 - galvanometer 
5 - magnet assembly 
6 - lens 
7 - metallic drum with layer of selenium 

or arsenic-selenium 
8 - roller to charge the drum 
9 - developing device 

•        10 - transfer roller 
11 - supply drum 
12 - fusing device 
13 - lamp 
14 - cleaning device 
15 - vacuum pump 
16 - mechanical components 
17 - driving roller 

■HÜ M-MM^aa 
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Number of channels   3 to 6 [1]; 6 to 12 [11] 

Mode of operation   Self-actuating with no 

loss of motion 

Frequency range   0 to 200 Hz 

Maximum pen excursion   • 3 cm 

Optical lever   15 cm 

Recording medium   Plain paper, 12 cm wide 
and 20 m long 

Recording speed   0.75, 3, 12, 48 mm/sec [1] 

A, 8, 16, 32, 64, 128 mm/sec [11] 

Translation rate   0 

Power supply   220 V ac, 300 W 

Dimensions   50 x 30 x 30 cm 

Weight   27 kg 

b.  ASEG-I [11].  The ASEO-I compact three-to-six channel electro- 

static light-beam oscillograph, which records continuously on plain 

paper for a period of up to 20 days, was developed in 1973.  The basic 

difference between the PEO-I and the ASEO-I is that the latter has 

transverse motion capability due to translation of either the galvanom- 

eters or the drum.  The ASEO-I records continuously on up to forty 

20- by 45-cm strips of paper without reloading; the strips are removed 

from the drum every 3, 6, or 12 hours.  The technical specifications of 

the ASEO-I are as follows: 

Channels   3 to 6 

Optical  lever     15  cm 

Paper     40 strips,   20 x 45  cm 

Recording speed     15,   30,  60,   120, 
240 mm/sec 

Record duration per strip   3, 6, 12 hours 
Total (40 strips)   20 days 

Power supply   220 V ac, 25 to 200 W 

mm 
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5.  Magnetic-Tape Recording Systems 

Soviet seismologists make little use of magnetic-tape recording 

and playback systems. A slow-speed, magnetic-tape-cassette recording 

system for ocean-bottom seismographs was developad in the early 196Cs 

by seismologists at the Moscow State University. The cassette recorder 

provides 2 to A channels of direct recording over a frequency range of 

2 to 20 Hz. The transport runs at a spet-d of 1.2 mm/sec, providing up 

to 1^0 hours of storage capacity on standard 6-mra tape.  (Ocean-bottom 

seismographs are described in more detail In Section I-E-12.) 

A two-track direct-tape-recording system for registration of seismic 

signals in the period range of 1 to 30 sec was also developed at the Moscow 

University. The system records at the very low speed of 0.1 mm/sec 

(0.004 ips) and has a dynamic range of 35 dB [23]. 

Direct recording on five-track 35-mm magnetic tape is used in the 

Zemlya system, the earliest model of which was developed in the late 

1950s.  The Zemlya system is used primarily for the investigation of the 

earth's crust and the upper mantle.  The Zemlya recording speed is 

1 to 3 mm/sec, the frequency range of signals is 0.5 to 20 Hz, and the 

dynamic range Is 40 dB. The Zemlya system is described in greater detail 

in Section I-E-ll. 

The eight-track tape recorder in the Tayga system for deep seismic 

sounding was developed in the aarly 1960s.  Pulse-frequency modulation 

is used to record explosion-generated seismic waves over the frequency 

range of 2 to 200 Hz at r.he speed of 9 cm/sec. The center frequency 

and percent modulation is 1.5 kHz ± 66 percent [24]. 

a.  KSE FM-Tape-Recording System.  This eight-track, slow-speed 

FM tape-recording system developed by the KSE (Multldiscipline Sels- 

mological Expedition) in the late 1960s consists of an operational tape 

recorder and a storage tape unit intended for the registration of seismic 

signals in the frequency range of 0.01 to 15 Hz. The electrical outputs 

from six signal, one timing, and one wow- and flutter-compensation 

channels are recorded continuously on 19-mm tape by the operational tape 

recorder at a transport speed of 1 cm/sec.  The operational tape unit is 

equipped with a one-minute delay loop, which makes it possible to transfer 
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without a loss of first motion seismic events sufficiently large to 

trigger the storage tape recorder.  The 250-Hz carrier modulated up to 

50 percent by seismometer output is converted to 125 Hz ! 50 percent 

to reduce crosstalk.  The KSE FM tape-recording system is also discussed 

in connection with the Hall-effect SGKD-0 seismograph in Section II-C-11. 

b. Obninsk PFM Tape-Recording System [25].  Few data are available 

on the pulse-frequency-modulation tape-recorder developed at the Obninsk 

Observatory in the early 1970s.  It is a slow-speed 12-channel unit and 

records on 12.7-mm-wide tape.  Timing is provided by an unspecified 

frequency signal recorded every second on one of the tracks.  Another 

signal from the time service is employed for tape speed compensation. 

A multivibrator with a linearity of 0.1 percent and a stability of 

0.01 percent per 10C is used as the pulse-frequency modulator.  Its 

output is fed into a Bessel filter and a double T RC bridge tuned to a 

frequency of 50 Hz. 

c. Digital Tape-Recording Systems.  The LMR-type digital tape 

recorders are used for up to 8 hours of continuous recording of seismic 

data in parallel on 17-track 35-inm magnetic tape at a packing density 

of 10 words/mm and at a tape speed of 15.5 or 150 mm/sec.  The latest 

models, the LMR-3a and LMR-6, are designed for field and station 

use, respectively.  The LMR-4 inputs digitally recorded seismic data 

into a computer at ?. higher tape speed.  The LMR-3b tape recorder is 

used for transcription and visual inspection of digitally recorded seismic 

data acquired in the field. The LMR-6 is described in more detail in 

connection with KOD digital-seismograph stations in Section III-A. 

d. MSh-1 and MSh-2 [26].  The only data available on the MSh-1 

and MSh-2 incremental digital recording systems are their packing 

density, 5 words/mm, and their recording speed, up to 250 16-bit numbers 

per second. 

wmmmmm 
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E.  SEISMOGRAPHS 

1.  SKM-3 Short-Period, High-Gain, Galvanometrlcally Recording 

Seismograph System 11,27] 

The SKM-3 seismograph system, consisting of two SVKI1-3 and one SGKM-3 

seismometers, three GK-VIIM galvanometers, and a PS-3M recorder, is the 

standard short-period, high-gain set of instruments- used for galvanometric 

registration at Soviet ESSN (Unified Seismic Observation System) selsmo- 

graphic stations.  The four magnification sensitivity (S ) curves shown 
x 

in Fig. 20 are the recommended, standard magnification curves of such 

SKM-3 systems.  The selection of a particular magnification curve depends 

on the seismic noise at the station. 

3 4 5 T.^ sec 

Fig. 20 — Magnification curves of standard galvanometrlcally 
recording SKM-3 seismographs [27] 

_a>_^ab^_ 
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Table 3 gives the instrumental constants of SKM-3 seismographs 

having the magnification curves shown in Fig. 20; in the table, T 

is the seismometer period, D is the seismometer damping factor, T 

is the galvanometer period, D is the galvanometer damping factor, 

o' is the coupling coefficient, and v   is the maximum mapnification. 
max 

A more detailed discussion of instrumental constants, as well as numer- 

ous other standard magnification curves of photographically recording 

SKM-3 seismographs, appears in Part I of this Report. 

Table 3 [27] 

INSTRUMENTAL  CONSTANTS  OF  SKM-3  SEISMOGRAPHS  HAVING 
THE  FREQUENCY  RESPONSES   SHOWN   IN   FIG.   20 

Curve 
in 

Fig. 20 

T 
s 

(sec) 
D 
s 

T 
g 

(sec) 
D 
8 a2 

V 
max 

I 1.24 0.490 0.580 0.495 0.0703 105 

1.22 0.495 0.595 0.495 0.0176 SxlO14 

1.21 0.495 0.595 0.500 0.00430 2.5x10" 
1.20 0.500 0.600 0.500 0.00109 l^xlO" 

II 1.13 0.645 0.300 1.58 0.314 ior> 
0.9A 0,545 0.360 1.90 0.0772 5x10'* 
0.91 0.510 0.375 1.97 0.0200 2.5xl0', 

0.90 0.505 0.380 1.99 0.0050 l^xlO'4 

III 1.88 0.400 0.575 0.675 0.1990 10-' 
1.82 0.400 0.595 0.695 0.0484 5x10" 
1.81 0.400 0.600 0.695 0.0121 2.5x10" 
1.80 0.400 0.600 0.700 0.00302 1.25x10" 

IV 2.15 0.530 0.295 1.50 0.781 10 5 

1.74 0.530 0.370 1.84 0.160 5x10" 
1.63 0.505 0.390 1.95 0.0390 2.5x10" 

. 
1.61 0.505 0.395 1.97 0.00968 1.25x10" 

2.     Standard  Short-Period,   High-Gain Visual-Recording 

Seismograph Systems   [1] 

Two  different   standard  short-period,   high-gain,   visual-recording 

seismograph systems  are used at  ESSN seismograph  stations. 

IttHH --- 
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The first system, with a gain of between 20,000 and 50,000, consists 

of:  two KS-G and one KS-V, or two SGKM-3 and one SVKM-3, short-period 

seismometers with T =1.5 sec and D = 1.0; an IPR galvanometer ampli- 
s s 

fier with a parametric variable reluctance transducer, with the natural 

period of Lne galvanometer between 2 and 4 sec and a damping factor of 1.0; 

and an N-002, SPR, or PST heated-stylus recorder,  A magnification curve 

of such seismograph systems is shown In Fig. 21. 
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Fig. 21 — Magnification curve of the standard short-period 
hlah-ealn (v   = 2 x 10l to 5 x 10'*) visual- &     max 
recording seismograph system consisting of KS 
or SKM-3 seismometers, IPR amplifiers, and a 
heated-stylus recorder [1] 

The second standard short-period, high-gain, visual-recoiding 

seismograph system, with a maximum gain between 2 x 10 ' and 2.3 x 10", 

consists of two KS-G an.' one KS-V, or two SGKM-3 and one SVKM-3, seis- 

mometers with T = 1.5 sec and D = 0.7 to 1.0; a UPN-3M amplifier; 
s s 

and an N-002, SPk, or PST heated-stylus recorder.  The magnification 

curve of this seismograph system is the same as curve IV in Fig. 20. 
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3.  USF-3M [1,2,27] 

The seismograph system consisting of USF-3M seismometers, GK-VIIM 

galvanometers, and a PS-3M recorder could be operated at a higher gain 

^Vmax = 180.000 at T = 0.6 sec) than any other galvanometrically recording 

instruments in use in the Soviet Union in the late 1960s,  A magnifica- 

tion curve of two horizontal-component .«eismographs consisting of USF-3M 

seismometers, GK-VII galvanometers, and a PS-3M recorder, operated at 

the Novolazarevskaya station in 1969 at a maximum gain of 128,000, is 

shown in Fig. 22. 
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Fig. 22 — Magnification curve of two horizontal-component 
USF-3M seismographs operating at the Novolazarevskaya 
station in 1969 [28] 

T =1.5 sec 
s 

D = 1.0 
s 

T =0.54 sec 2 

D = 1.0 
g 

a? = 0.300 

v   = 128,000 
max 
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The frequency responses of the standard SKM-3 seismographs shown 

in Fig. 20 can also be achieved with USF-3M selsmometers and GK-VIIM 

galvanometers.  Table 4 gives the instrumental constants of USF-3M 

se■ -mographs with the magnification curves shown in Fig. 20. 

Table 4 [27] 

INSTRUMENTAL CONSTANTS OF GALVANOMETRICALLY RECORDING 
USF-3M SEISMOGRAPHS HAVING THE FREQUENCY RESPONSES 

SHOWN IN FIG. 20 

Curve 
in 

Fig. 20 

T 
s 

(sec) 
D 
s 

T 
g 

(sec) 
D 
g a2 

V 
max 

I 1.31 0.480 0.550 0.485 0.252 105 

1.22 0.490 0.580 0.490 0.062 5x10^ 
1.21 0.495 0.595 0.495 0.015 2.5x10^ 
1.20 0.500 0.600 ^.500 0.0050 1.25xl0'+ 

II     __ __ >1 105 

1.07 0.625 0.320 1.67 0.253 5xl0k 

0.93 0.540 0.365 1.91 0.064 2.5xl0h 

0.91 0.515 0.375 1.97 0.0167 1.25X1014 

III 2.02 0.395 0.535 0.750 0.612 105 

1.87 0.400 0.580 0.670 0.170 5X1014 

1.82 0.400 0.595 0.690 0.411 2.5xl0'+ 

1.81 0.400 0.600 0.695 0.0102 1.25x10^ 

IV __ __ _ — >1 105 

2.10 0.535 0.305 1.53 0.65 bxlO1* 
1.72 0.530 0.370 1.86 0.137 2.5X1014 

^ 1.63 0.510 0.390 1.97 0.0332 1.25xl0'4 

The USF-3M seismometers are also used with the DFU phototube galva- 

nometer amplifiers and the EPP-09 visual recorder. 

No data are available on the EPP-09 recorder. 
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4. USF-4 

The USF-4 short-period, high-gain seismograph can be used with 

photographic, visual, and magnetic-tape recording systems, and can be 

operated at higher gain lian any other Soviet short-to-interraediate- 

period instrument, with the exception of the SBU-V vertical-component 

borehole seismograph.  No further data, other than the description in 

Section I-A-4, are available on the USF-4. 

5. VEGIK 

Developed originally as a strong-motion instrument, the VEGIK 

seismometer has found its main application in engineering seismology, 

microPiismic measurements, and seismology.  When used in engineering 

seismology it is coupled with portable light-beam oscillographs; for 

seismic applications, mostly at regional and expeditionary seismographic 

stations, it is used with the PS-3M recorder operated at speeds of 

120 to 240 mm/min.  The nominal values of the instrumental constants 

of VEGIK instruments used at regional and expeditionary stations for 

the registration of earthquakes are:  T ■ 0.7 to 1.0 sec,   D = 0.4 to 0.5, 

T = 0.065 to 0.10 sec, D = 2 to 3, o? = 0.1 to 0.4, v   = 20,000 to 
g g max 

25,000.  Several standard VEGIK magnification curves are shown in 

Part I of this Report. 

6. SM-2M and SM-3 

Few data are available on the SM-2M and SM-3 seismographs.  The 

instrumental constants of an engineering system consisting of an SM-2M 

seismometer and an ''SB-IMp light-beam oscillograph with GB-TV galvanom- 

eters are [29]:  T = 1.5 sec, D = 0.6, T = 0.2 sec, D = 5, 
s 's     '  g '  g   ' 

v (normal magnification) = 13,000, and T = 0.03 to 1.0.  The magnifica- 

tion curve (not given) should be similar to that of the VEGIK seismograph. 

The magnification curve of a high-gain system consisting of an SM-2M 

seismometer with T = 1 sec, an amplifying system including an integrating 

circuit, and an unspecified photographic recorder with GB-IV galvanometers 

(T = 0.07 SLic) is shown in Fio. 23 [30]. 

The magnification curve _  the SM-3 should differ little from that 

of the SM-2M. 
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7.  S5S [31] 

Although the S5S is usually used in strong-motion systems for the 

registration of earthquakes of intensity III to VIII, the seismometer 

is also frequently coupled with an amplifier and a visual recorder 

resulting in a medium-gain, intermediate-period system.  The .iiagnifica- 

tion curve of one such system consisting of an S5S seismometer, a UPN-3 

amplifier, and N-002 hot-pen recorder is shown in Fig. 24.  The period 

of the recording galvanometer pen is 0.08 sec. 
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Fig. 24 — Magnification curve of a seismograph consisting 
of a S5S seismometer, UPN-3 amplifier, and a 
N-002 heated-stylus recorder [31] 

T = 5 sec 
s 

D = 1.5 
s 

v   « 9200 
max 

8.  Solion Seismograph [32,33] 

A solion seismograph, based on the principle of oxidation-reduction 

Of elcc«-rolyte, was developed in the late 1960s.  The time frame of the 

Soviet seismologists were apparently unaware of the solion seismom- 
eters developed and tested in the United States ir. the early 1960s. 
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„olion short-period, three-component displacement seismometer consists 

of a hollow fluoroplastic cylinder vHth two elastic membranes made of 

chemically stable rubber stretched across its ends.  A partition with 

an opening at its center and with its plane perpendicular to the cylinder's 

axis of rotation divides the cylinder into two equal chambers.  Platinum 

grid electrodes are located within the opening of the partition and 

parallel to its plane.  The cylinder is filled with a solution of potas- 

sium iodide with a small amount of iodine.  The electrodes and the 

electrolyte form an oxidation-reduction system.  A potential difference 

of 0.6 V dc across the electrodes generates a dc current in the circuit; 

in the absence of mechanical vibrations, the current reduces the iodine 

molecules at the cathode to negatively charged iodide ions; the reverse 

process occurs at the anode.  Before the voltage is applied, the concen- 

tration of iodine molecules in the electrolyte is completely uniform. 

The dc current depletes the number of iodine molecules near the cathode, 

and this loss is only partially compensated by the diffusion of iodine 

from the electrolyte.  Outside mechanical vibrations induce oscillations 

of the frame and electrodes relative to the electrolyte, resulting in 

variation in the concentration of iodine molecules near the cathode and 

the appearance of an ac component of current.  The frequency and amplitude 

of the ac signal is proportional to the frequency and amplitude of forced 

oscillations. 

The natural frequency of a solion seismometer depends on the mass 

of the electrolyte, the rigidity of the membrane, and the construction 

of the seismometer.  For example, increasing the length of the channel 

(opening) connecting the two chambers will increase the natural period 

of the seismometer by as much as five times its value in the absence of 

an opening, i.e., in the presence of a semipermeable partition only. 

Further increase in natural period can be achieved by increasing the ratio 

of the cross-sectional areas of the chambers to that of the channel. 

The length and diameter of a number of experimental solion seismometers 

varied between 4 to 15 cm and 3 to 5 cm, respectively, and their weight 

was between 70 and 200 grams. 
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Shake table experiments In the frequency range of 0.1 to 10 Hz have 

shown that the sensitivity of solion seismometers at a frequency of 1 H' 

was 1 to 1.5 mV/um, or an order of magnitude greater than that of the 

short-period VEGIK seismometer.  The frequency-respmse curve of a solion 

seismometer displays a point of inflection at 1 Hz, increasing almost 

proportionally to frequency up to f = 10 Hz and decreasing proportionally 

to the squire of the frequency down to f = 0.1 Hz,  Field tests have 

shown the suitability of solion seismometers as short-period surface and 

deep-borehole seismographs for the registration of both earthquakes and 

explosions. 

It is claimed that the instrument noise of the solion seismograph 

was below the level of microseismic noise in relatively quiet areas sue. 

as the Talgar underground observatory and a 1500-m-deep borehole. 

9.  ASS Continuously Recording, Three-Component Displacement 

Seismograph System for Unattended Operation [1,34] 

The ASS is a short-period, three-component seismograph system 

designed for continuous, unattended, galvanometric recording of displace- 

ments for a period of up to one month.  The ASS system consists of five 

hermetically sealed pack^es:  (a) a three-component seismometer assembly 

unit, (b) two identical microrecording units, (c) a timing unit, and 

(d) a power supply unit. 

The seismometer assembly unit has three pendulum-type, moving-coil 

seismometers with electromagnetic damping.  The magnet-coil assembly 

of each transducer (Fig. 25a) consists of two permanent magnets and three 

pole pieces which form two air gaps that extend parallel to the pendu- 

lums' plant of oscillation.  The coil is formed by wire wound on the two 

longer sides of a rectangular coil-former, which fits over the center 

pole-piece.  The signal coil sensitivity of each seismometer at a coil 

resistance of 800 ohms is 180 V/(m/sec).  The axes of rotation of the 

pendulums are formed by two pairs of crossed steel hinges.  The Installa- 

tion of seismometers at a site requires carefully aligning the rotation 

axis of the horizontal pendulums with the vertical.  The vertical seis- 

mometer li equipped with a zero-length spring, a manual period-adjustment 

Mi MMMM 



pw^asanamcv^awv^WT«!"^ " i ■""■•»»^»■•»■•■••»"•■»n««"""-— -  - i ■ l il   II 

48 

Fig. 25 - Magnetic system of the ASS transducer v'a) 
and the mlcrophotorecording assembly (b) [35] 

1 - film 
2 - cylindrical lens 
3 - prism 
4 - cylindrical lens 
5 - mirror on the mirror sweep assembly 
6 -galvanometer mirror 

mm ^tmmmmm J 



■^wpia.MiuiiiL ■iiiiiiiiP«prmqnnnnmm«iWii iMiii-viaiwi'     ■r^-"T  '    > "wmmmm'mv*^mf*™m^mi**m'^^mmm*T^pnwupuwnw^ww^^^^np-r-^-v^nrnKMn^ 

49 

control and an automatic pendulum-equilibrium adjustmenc device which 

operates, when needed, twice a day. 

Each of the two identical microrecording units, operated at different 

gains includes:  (a) a microphotorecording assembly with three d'Arsonval 

galvanometers, (b) a film cassette, (c) an electiically wound chronometer, 

and (d) a special device for hourly recording of date and time code 

numbers.  The microphotorecording assembly (Fig. 25b) operates in the 

following way.  Three parallel beams of light reflected by the three 

mirrors of the mirror-sweep subassembly, are reflected again by the 

three galvanometer mirrors and focused onto stationary, high-resolution 

(250 lines/min), 70-inm photographic film.  The rotation of the mirror- 

sweep subassembly causes the three light beams to be recorded along the 

width rather than the length ol a stationary photographic film.  Although 

it has no effect on the constant rotation speed of the mirror-sweep 

subassembly, ground motion induces to-and-fro movement of the galvanom- 

eter mirrors.  Since the axes of rotation of the galvanometer mirrors 

and the mirror-sweep subassembly are perpendicular to each other, the 

three components of displacement are recorded along the length of the 

film and perpendicular to the lines recorded in the absence of ground 

motion.  When the light beams reach the edge of the film, i.e., when the 

mirror-scan subassembly rotates through an angle of KTlS', the mirror- 

scan subassembly rapidly (<0.1 sec) returns to its initial position 

and simultaneously advances the film a specific distance. 

The mirror-sweep subassembly is driven by a specially designed 
* 

low-power dc motor  that has neither brushes nor commutators and is 

operated by a battery switched on by three photodiodes.  The speed of 

the motor is controlled by a centripetal device consisting of three 

shutters equipped with springs. 

The minute marks from a self-winding C.MKh chronometer are printed 

on the record in the form of dots.  Every hour a special device prints 

between the traces in code the year, month, day, hours, serial number 

of the microphotorecording assembly, and channel number.  A one-second 

Described in C. Shishkevish, Soviet Strontj-Moiion and Vihration- 
and-Blast Seismographs,   The Rand Corporation, R-1652-ARPA, Section IV-P. 

■Mi ^^^^^- 
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gap denotes the beginning of the hour.  Radio transmitted precision 

time marks with an accuracy of 0.1 sec are automatically switched on 

and recorded twice a day. 

Depending on the film transport mechanism used in the cassette, 

the trace spacing on the film can be either 0.3, 0.6, or 6 mm.  The 

recording speed is 3.6 or 7.2 mm/min.  A viewer enlarges the image by 

a factor of 16^ and increases the trace spacing to 5, 10, or 100 mm and 

the recording speed at the viewer to 60 or 120 mm/min.  Depending on 

the trace spacing and the recording speed the ASS system can record 

continuously 5.5, 11, 55, 110, and 220 days. 

The weight of each package does not exceed 60 kg and the weight of 

the whole system is 180 kg. 

The technical specifications of the ASS system are as roliows: 

Seismometers 

Natural period   1-7 to 2.1 sec 

Moment of inertia   0.05 kgV i 20% 

Reduced length   0.1 m ± 20% 

Signal-coil sensitivity   180V/(m/sec) t  20% 

Coil resistance   800 ohms ± 10% 

Microphotorecording Assembly 

Galvanometers 

Natural period   0-5?oSfC  2 ! ,n« 
r   ■       ^ ■ If)-1 u  kE'in4    f   20/G Moment of  inertia      10        H at   L „   .   20% 

Voltage sensitivity   » « ^  ! ,A* 
Coil resistance   "Oohja t 10% 
External critical resistance ... 2400 ohms ± 20/o 

.. _ Photographic film, 70 mm wide. Recording medium   rnwfcu»!.«!»       . B 20 m long, resolution of 
250 lines/mm 

,                 ... 12 V dc, 56 cell battery 
Power supply   

The design of the ASS system makes it possible to vary the maximum 

_ificatlon and to adjust the shape of the displacement sensitivity 

urve of each of its three components.  The maximum gain of the ASS 

system with magnification curve IV in Fig. 20 is 3000 (50,000 at the 

viewer,.  According to [34], maximum gain of the system is -4800 

( 80,000 at the viewer). 

magn 
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10.  SBU-V Vertical-Component Borehole Seismograph [1] 

The SBU-V, a high-sensitivity borehole seismograph with a moving- 

coil, pendulum seismometer, is intended for the galvanometric registra- 

tion of the vertical component of displacement at a maximum gain of 10G. 

It consists of a ground-control panel, a three-conductor logging cable, 

and an hermetically sealed, cylindrical borehole package designed for 

operation in a five-inch borehole at a depth not exceeding 1500 m.  Two 

signal coils above anc below the pendulum, rigidly connected to it by 

means of levers, are located within the annular radial gaps ol two 

stationary magnet assemblies.  The axis rotation of the pendulum is 

formed by two pairs cf crossed flat springs.  The upper end of the zero- 

length spring is hinged to the pendulum-centering motor attached to the 

seismometer frame; the lower end of the spring is attached to the pendu- 

lum in such a way that the axis of rotation of the pendulum and its 

center of gravity lie in the same horizontal plane.  The natural period 

of the seismometer ein be adjusted manually by moving horizontally the 

hinge connecting the upper end of the zero-length spring to the centering 

motor. A photoelectric assembly switched on and off by a signal from the 

control panel monitors the position of the pendulum. When necessary, it 

automatically activates the centering motor, which adjusts the zero- 

length spring by moving the hinge vertically until the pendulum reaches 

an equilibrium position, centering the signal coils in the air gaps of 

the magnets.  The centering motor can al^o be turned on and off from 

tiie control panel.  The SBU-V seismometer is damped by means of shunt 

resistances across the coils connected into the circuit at ttie control 

panel.  The natural period of the seismometer can be measured and its 

operation can be checked out from the control panel.  Figure 26 shows 

a magnification curve of the SBU-V.  The technical specifications of the 

SBU-V seismometer are as follows: 

Natural period   0.8 to 1.2 sec 

Reduced length   0.11 m 

Moment of inertia   0.007 kg-m2 

Signal-coil  sensitivity  136 V/(ii7sec) 

Signal-coil resistance   60C ohms 

Maximum a]lowalle pressure   200 atm 

mtmm 
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Dimensions 
length   1.78 m 
diameter   0.1 m 

Weight   43 kg 

4x10''   

2x10'' 

105 

^ \ 

{ 
\ 

  

i 

0.6  0.8 1.0 8  10 12  T.sec 

Fig. 26 — Magnification curve of the 'JBU-
V
 vertical-component seis- 

mograph consisting of a SBU-V seismometer (T = 1 sec) 
coupled with an unspecified amplifier and an unspecified 
light-beam oscillograph with GB-IV galvanometers 
(T = 0.07 sec) [30] 

11.  The Zemlya System [36 to 39] 

The Zemlya system consists of a group of up to several dozen sets of 

three-component, short-period seismometers, a tape recorder for each set 

of seismometers, a time receiver, a playback system at a central facility. 

When three seismometers are used, the vertical transducer is 
operated at two different gains,  rour seismometers are also used, with 
the extra horizontal transducer oriented in the direction of interest. 

*mm* MMa*» 
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and auxiliary equipment.  Although Zemlya systems are deployed primarily 

In crustal and upper mantle investigations by means of converted waves, 

they are also used to acquire seismic data for seismological research 

and are suited for detection and identification of nuclear explosions. 

Most Zemlya systems are equipped with VEGIK seismometers.  The sensitivity 

of later models was doubled by replacing the magnet assembly of the VEGIK 

with that of the USF-3M seismometer ysee  Section I-A-5 and I-A-J).  The 

technical specifications of the Zemlya system are as follows: 

Number of signal channels   4 

Transducers   VEGIK or USF-3M 

Recording system 
Recording medium   35-mm magnetic tape 
Modulation type   direct with signal 

compression 
Number of channels   4 signal, 1 timing 
Tape speed   recording - 1.25 to 3 mm/sec 

playback - 30 to 150 mm/sec 
Maximum gain   10'' 
Dynamic range   40 dB 
Recording time   70 to 80 hrs of continuous 

recording 
Timing marks   sec, min, hr time marks from 

a chronometer or a quartz 
clock; hr marks from radio 
receiver 

The playback system rerecords from magnetic tape on photographic 

paper at speeds up to more than 100 times the recording speed.  During 

playback, the signal can be shaped by as many as 20 band-pass filters 

with the high-frequency roll-off of 12, 16, 24, or 32 dB/octave.  The 

system is usually transported by truck or helicopter, but its exact 

dimensions are not known.  The Zemlya system is capable of recording P, 

S, PS, SP, R, arJ other phases at distances up to 14,000 km.  It can be 

used to detect 2- to 3-ton chemical explosions fired at distances of up 

to 400 km. Unspecified techniques are used to extract signals when the 

signal-to-noise ratio is >-10 dB. 

The Zemlya systems used in deep seismic sounding are known to be 

defective due to poor workmanship, poor quality of components, and 

certain design flaws.  The major deficiencies of the system, according 

mmmm *mm 
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to [39], are (1) unstable operation and urreliablllty of the tape trans- 

port mechanism, (2) unreliable time receiver and chronometer, (3) the 

lack of a visual recorder with a playback system, (4) the low sensitivity 

and shielding of amplifiers in the playback system, (5) the temperature 

instability of the seismometers, and (6) the uneconomical power supply. 

12.  Ocean-Bottom Seismographs [40 to 43] 

The DS-l-F vertical-ccciponent, ocean-bottom seismograph was developed 

in the early 1960s at the Moscow State University.  The seismometer is 

an NS-3 geophone with a generator constant of 40 to 60 V/(m/soc) and a 

natural frequency of 3 Hz, modified by adding a damping coil and replacing 

the 320-ohm signal coil with a 1000-ohm coil.  The gimbal-suspended 

seismometer is coupled to a transistorized UBN-1 amplifier and a low-pass 

filter.  The gain of the UBN-1 amplifier is  lO14, and its internal noise 

at the input is less than 0.5 uV.  The unmodulated signal is recorded 

on one of the two tracks of a 6.3-mm magnetic tape at a speed of 1.2 mm/sec. 

In the late 1960s, the tape speed of the DS-l-F was decreased to 1 mm/sec, 

thus increasing its recording capacity from 48 to 150 hours.  Time marks 

from the 6-MKh chronometer are recorded on the second track of the tape. 

The tape transport is mounted on a separate suspension.  The dynamic 

range of the DS-l-F is 40 dB.  (A later model, the DS-2-F vertical- 

component ocean-bottom seismograph, has a 60-dB dynamic range.)  The shape 

of the DS-l-F magnification curve (Fig. 27) was dictated by the seismo- 

graphs' earlier intendec" use in deep seismic sounding, which requires 

undistorted registration of direct water waves. 

\ 
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Fig. 27 — Magnification curve of the DS-l-F vertical- 
component ocean-bottom seismograph [40] 
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The seismograph is housed in a sealed steel cylinder with an 

inside diameter of 20 cm.  The thickness of the container wall (t) is 

calculated from the following empirical formula: 

Pd 
2.3 (a   - P) 

max 

where a is  the maximum allowable stress, P is the water pressure 

exerted on the container, and d ir, its inner diameter.  The operational 

depth capacity of the DS-l-F ocean-bottom seismograph is not known. 

(In its earlier applications for deep seismic soinding in the Black Sea, 

the seismograph was housed in a commercial-steel gas bottle and was 

operated at a maximum depth of 2200 m.)  The DS-l-F, including dry-cell 

batteries and the steel gas bottle, weighs 80 kg.  The seismograph is 

lowered to the ocean bottom on a steel cable (see Fig. 28), requiring 

50 to 60 minutes for installation at a depth of 220U m. 

rrrrnmrrn&MfwFrmmfrnTrrrn 

Fig. 28 — DS-l-F seismograph installed on the 
oceaa bottom [40] 
1 - seismograph 
2 - first weight 
3 - second weight 
4 - steel cable 
5 - buoy 
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1 

Table  5  gives  the  technical  specifications of  the DS-l-F and 

"S-2-F,  as well as  the DSS-l-F  three-component ocean-bottom seismograph. 

Nc   ^irther data are available on the DSS-l-F. 

Table 5   [43] 

TECHNICAL  SPECIFICATIONS  OF  SOVIET OCEAN-BOTTOM  SEISMOGRAPHS 

Design 

Frequency 
Range 
(Hz) 

Dynamic 
Range 
(dB) 

Recording 
Capacity 
(hrs) 

Power 
Requirement 

(watts) 
Weight 
(kg) 

DS-l-F 

DS-2-F 

DSS-l-F 

2-20 

2-20 

2-20 

40 

60 

40 

150 

150 

100 

0.5 

0.5 

0.8 

80 

80 

130 
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II.  LONG-PERIOD SEISMIC INSTRUMENTS 

GALVANOMETERS 

1.  SPG-4a and Modified SPG-4a 

In the early 1960s, East Germany agreed to develop according to 

Soviet specifications a long-period galvanometer for possible use in 

Soviet long-period instruments similar to the Press-Ewing seismographs. 

The result was the SPG-4, a long-period galvanometer, developed in 

1963.  The later-model SPG-4a, improved by adding a magnetic shunt and 

changing some of the SPG-4 characteristics, was tested in the Soviet 

Union in 1965-1966 and was found to be acceptable [44].  In the late 

1960s, the Soviet Union purchased 120 SPG-4a galvanometers to use with 

standard SD-1 long-period seismograph systems, which they plan to Install 

at all base and some regional seismographic stations [45]. 

Table 6 gives the technical specifications of SPG-4a galvanometers, 

as determined by Soviet seismologists, and of other recent SPG and DC 

galvanometers.  In this table, T is the galvanometer period; D  Is 
g K    '  go 

open-circuit damping; R is coil resistance; CDRX is the external 

critical damping resistance; C  is the current sensitivity; and K is 

the moment of inertia. 

The coil of the SPG-4a, made of 0.25-mm diameter nonmagnetic copper 

wire, is suspended in the air gap of a magnet by a quartz fibre of low torsion 

constant, approximately 5 um in diameter.  Electrical connection to the 

coil was through two gold ribbons, 0.2 to 0.5 pm thick, glued to the 

bottom coil tabs.  The coil is protected by a brass cover.  The dimen- 

sions of the SPG-4a are 20 x 20 x 23 cm, and it weighs about 3 kg. 

The galvanometer is intended for operation at seismographic stations, 

at temperatures between 0oC and 30oC and a relative humidity of up to 

90 percent [46]. 

A number of undesirable characteristics were revealed when the 

SPG-4a galvanometers were used with SD-1 long-period seismographs. 

For example, the diameter of the quartz suspension fibre of the SPG-4a 

■Mi 
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varied between 4 and 7 Mm, resulting in variation of the galvanorater 

period from 74 to 81 sec.  Poor contact between the gold ribbons and 

bottom coi] tabs caused breaks in electrical connection to the coil. 

The electrical resistance of the gold ribbons differed from one gal- 

vanometer to another causing variation of the coil resistance from 55 

to 73 ohms.  The brass cover over the coil was apparently responsible 

for the appearance of noise caused by barometric pressure variations 

with periods close to the natural period of the galvanometer.  The cover 

also decreased the dimensions of the air gap, resulting in higher air 

damping [46]. 

Soviet seismologists improved the performance of the SPG-4a gal- 

vanometers by introducing the following modifications.  The quartz 

suspension fibre was replaced with a beryllium bronze ribbon 

with a torsion constant of 10_5 gm'cm/90o, used in the DG-100 galvanom- 

eters.  This increased the galvanometer period from an average of 83 sec 

to 105 sec, and provided an additional electrical connection to the 

coil, making it possible to use a single bottom gold ribbon.  Better 

contact was achieved by soldering rather than gluing the ribbon to the 

bottom coil ua1>.  Removal of the brass cover over the coil resulted 

in the disappearance of noise due to barometric pressure variations and, 

by increasing somewhat the dimensions of the air gap, caused by 

decrease of up to 30 percent in air resistance [46].  The technical 

specifications of the SPG-4a galvanometer modified by Soviet seismol- 

ogists, the SPG-4aM, are given in Table 6. 

2.  DG Series 

Between 1967 and 1970, Soviet seismologists developed the DG series 

(see Table 6) of excellent long-period galvanometers, including the 

DG-100 (T = 100 sec), DG-200 (T = 180 sec), DG-300 (T » 300 to 330 sec), 
o o o 

and DG-500 (T = 500 sec).  Two desirable characteristics of these 
g 

galvanometers are their low open-circuit damping, which eliminates the 

need for a partial vacuum, and the high ratio of coil resistance with 

external critical resistance, which make^ it possible to integrate 

electrical signals generated by the transducer. 

MM 
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The operation of the galvanometer in air was made possible by de- 

signing the coil assembly of the galvanometers in accordance with an 

empirical formula for air damping of a coil as a function of its 

geometry and its dynamic constants derived in [53]. 

Except for the coil assembly, all DC galvanometers are identical. 

A schematic drawing of a DG galvanometer Is shown in Fig. 29.  The 

galvanometer (see Fig. 2'i)   is  mounted on three adjustable legs equipped 

with leveling screws.  The coil is suspended from the upright, and the 

coil assembly is enclosed under two covers.  Insertion or withdrawal 

of the magnetic shunt varies the flux density over a wide range without 

affecting the homogeneity of the magnetic field.  The principal parts 

of the magnetic shunt are two plates made of a soft magnetic material 

fitted into special slots of the magnet assembly, the position of which 

can be changed by the magnetic-shunt screw.  A screw holds the coil 

assembly to prevent damage during transportation.  The zero adjusting 

knob sets the coil assembly to Its -ero position.  Provision is made 

for a slight adjustment of the galvanometer period.  A plug socket and 

a ground terminal are located in the buck of the galvanometer [49]. 

The coil of the DG is made of nonmagnetic copper (diameter not 

specified). The electrical connection to the coil is through the BrB. 

top suspension and the gold ribbon soldered to the bottom coil tab. 

I" the DG-100 galvanometers, the torsion constant of the top suspension 

is 10~5 gni.cm/90o and the thickness of the bottom gold ribbon is 0.3 to 

0.4 pm.  In the DG-300 and DG-500 galvanometers, the torsion constant 

of the 10-cm-long top suspension is 10  gm»cm/90o.  The 6-cm? coil is 

suspended In the air gap of the magnet, with a maximum field strength 

of 900 G [54]. 

The DG galvanometers are approximately 11.5 cm wide and 35 cm high, 

and weigh about 6 kg.  They are intended for operation at seismograph 

stations at temperatures between 0oC and 30oC and a relative humidity 

of up to 90 percent [1]. 

mm 



"■"■^^■P^^fWW^P"-! um')    nn.-f^Mwpn U.P*-IH»IIJl   !,(■ I jqpi"' wun ,    i *J ■ i*wa. RIBIWIHIPI ■,•■* ■ ^    ' " ""^     ' •" —^^^1 

61 

ft       •   . 

13 

10 

—WiÖr nl^t ■'■■7"^ ii 

... 

Fig.   29 — Schematic  section of a DG long-period  galvanometer   [49] 
1 - adjustable leg 
2 - upright 
3 - inner cover 
4 - outer cover 
5 - magnetic shunt 
6 - magnetic-shunt piate 
7 - magnetic-shunt adjusting screw 
8 - clamp screw 
9 - zero adjusting knob 

10 - plug socket 
11 - ground terminal 
12 - suspension and coil assembly 
13 - bubble level 
14 - magnet assembly 
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B.  SEISMOMETERS 

1.  SKD and SKD-0 [1,55] 

The SKD (Fig. 30) are standard, widely used, long-period seismom- 

eters with electromagnetic damping, intended primarily for galvanometric 

recording of the vertical and horizontal components of displacement 

with amplitudes between 1 pm and 5 mm in the period range 0.5 and 50 to 

60 sec.  Both the horizontal (SGKD) and the vertical (SVKD) seismometers 

are pendulum instruments equipprj with a moving-coil transducer.  The 

signal, damping, and calibration coils are wound on the same nonmagnetic 

plate placed in the air gap of a stationary permanent magnet.  The 

magnetic field strength in the air gap can be varied between 1800 G 

and 3000 G by means of a magnetic shunt.  The vertical seismometer is 

equipped with a zero-length spring.  The natural perioc of  SKD seismometers 

is adjustable between 7 and 40 sec. 

SKD seismometers are intended for operation at seismograph stations 

at temperatures between -20oC and +40oC and a relative humidity of up 

to 90 percent.  The technical specifications of the SKD seismometers 

are as follows: 

Natural period   25 sec (nominal) 

Reduced length   0.5 m 

Signal coil sensitivity   2 to 3 V/(m/sec) 

Damping coil sensitivity   3 to 4 V/(m/sec) 

Signal coil resistance   18 to 25 ohms 

Damping coil resistance   24 to 25 ohms 

Moment of ine^ia   0.35 kg-m2 

Dirnen äions   70 x 38 x 30 cm 

Wei^J t 

Vertical  seismometer       40 kg 
Horizontal  seismometer       30kg 

The  SKD-0 seismometers,  modified  versions of  the  SKD equipped with 

a more powerful  transducer with  a ring magnet,  are usually used  in 

high-gain systems requiring an amplifier.     The period  of  the SKD-0 

mm mmmm 
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SVKD 

Fig.   30 ~ Schematic drawing of  the SVKD and   SGKD 
seismometers   [1] 
1 - pendulum 
2 - magnetic system 
3 - colls 
4 - flat spring 
5 - zero-length spring 
6 - suspension' wire 

is sometimes extended by means of an external capacitance.  The SKD 

seismometers used in the long-period seismographs such at   the SD-1 

are modified by replacing the 25-ohm signal coil with a 900-ohm coil 

with a sensitivity of 20 V/(m/sec).  Before 1970, the SKD and SKD-0 

seismometers were used in most intermediate- and long-period seismographs, 

such as the standard broadband, extended-period SKD seismograph, the 

standard SD-1 long-period seismograph, and several others with galvano- 

metric and visual recording then being developed. 

mtm 
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2_. DS   [I) 

The DS   (Fig.   31)  are recently developed,   long-period  seismometers 

with electromagnetic damping,   intended primarily  for galvanometric 

recording of  tha vertical and horizontal  components of displacement 

generated by teleseismic events.     Both the horizon-.al   (DS-G)  and  the 

vertical   (DS-V)   seismometers are  pendulum instruments equipped with a 

moving-magnet,   stationary-coil  transducer and a magnetic  shunt  that 

makes  it  possible  to adjust  the  sensitivity of  the signal and damping 

coils  10 to  15 percent.    The natural period of  the DS  seismometers  is 

adjustable between 5 and  30 sec.     The DS-V  is equipped with a  zero-length 

spring. 

■ 

5 8 DS-V 

Fig. 31 — Schematic drawing of the DS-V and 
DS-G seismometers [1] 

1 - inertlal mass 
2 - axis of rotation 

. 3 - moving magnet 
4 - fixed coil 
5 - pendulum-equilibrium-adjustment knob 
6 - period-adjustment knob 
7 - magnetic shunt 
8 - zero-length spring 
9 - seismometer housing 

mttmtm J 
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The DS seis.o.eters have a re.ote pendulum-equilibrium_adjustment 

device and a re.ote period-adjust.ent control.  -hey can also be used with 
e ectronlc amplifiers coupled with visual or ^^  ^ ^^  ^ 

DS are intended for operation at selsmo8raPh stations at temperature. 

between -10"C and +30'C and a relative hu.idity of up to 90 percent. 

The technical specifications of the DS seismo.eters are as follows: 

Natural period   9n o„  /  .     ,. r       ^0 sec (nominal) 
Reduced length   0t5 m 

Signal coil sensitivity   400 V/(m/sec) 

Damping coil sensitivity   20 V/(m/sec) 

Calibration coil sensitivity ... 6 V/(m/sec) 

Signal coil resistance   HJOO ohms 

Damping coil resistance 250 ohms 

Calibration coil resistance .... 190 ohms 

Moment of inertia   o.35 kg-m- 

DimenSi0nS   85.8 x 16.6. ',2.2 cm 
Wei8ht   70 kg 

li^Vertlcaj^Selsmometer Used In^thgjlong-Pgrlod 

Feedback Seismograph [56] 

The electromagnetic moving-coil vertical seismometer used in the 

long-period, broadband, feedback seismograph described in Section U-C-Ha 

is characterized by a more rational location of the mast, boom, and 

zero-length spring than is the SKD.  Crossed flexure hinges are used 

to improve pendulum stability.  The moment of inertia of the seismometer 

Is greater than that of the SVKD. and it has a stiffer zero-length 

spring.  The seismometer is equipped with signal and damping coils two 

permanent magnets, a pendulum-equilibrium-position monitor, and a 

remote-centering device.  A signal proportional to velocity fed back 

degeneratively to the transducer extends its natural period from 20 sec 

to 200 sec.  One of the advantages of this seismometer is the increased 

stability at periods of 30 to 35 see  Tho r,.,.-, . r     , co JD sec.  The parameters of the seismometer 
are as follows: 
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Natural period   20 sec 

Inertlal mass   7.2 kg 

Reduced length   0.44 m 

Moment of inertia   0.7 kg'm2 

Signal-coil sensitivity   266 V/(m/sec) 

Signal-coil resistance   not given 

4. SVD-I1I Vertical Seismometer [26] 

The recently developed, experimental long-period SVD-1II vertical 

seismometer is a pendulum instrument with electromagnetic damping and 

a moving-coil transducer.  The seismometer is hermetically sealed and 

evacuated and is equipped with a remote pendulum-control and remote 

period adjustment devices. The magnetic system of the seismometer is 

shielded to eliminate eddy currents.  Crossed flexure hinges have been 

replaced by two pairs of mutually perpendicular prismatic supports. 

The original design goal was a seismometer with a natural period of 

more than 100 sec.  The technical specifications of the SVD-I1I are 

not available. 

5. Feedback-Controlled Displacement Seismometer with 

Adjustable Parameters 

The long-period displacement seismometer with adjustable parameters, 

the most recent of Soviet long-period seismometers, is intended for use 

In the standard visual-recording and digital seismographs which are to 

be installed at Soviet base stations.  It is a pendulum instrument equipped 

with an unspecified displacement transducer and a damping magnet-coil 

assembly.  Part of the output of the signal transducer, fed back degen- 

eratively through a low-pass filter, is proportional to displacement and 

makes the seismometer at least 50 times as stable as standard Soviet 

long-period models.  Part of the output from the signal coil, fed back 

degeneratively to the damping magnet-coil assembly, Is proportional to 

The material in this section is based on Z. I. Aranovich, D. P. 
Kirnos, and v. M. Fremd, Apixipatum i metodika aeysmomtriaheakikh 
mblyudeni'j  0 SSSR  (Instruments and Observation Methods Used at USSR 
Seismographic Stations), AN SSSR, Institut fiziki Zemli,  Moscow, 1974, 
which was received just prior to the completion of this Report. 
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velocity of the pendulum and part to its acceleration.  Varying the 

strength of the feedback, signals proportional to acceleration and 

velocity by switching on different electronic modules makes it possible 

to vary the natural period, sensitivity, and damping of the seismometer 

through a wide range of values.  The techincal specifications of the 

feedback-controlled seismometer are as follows: 

Natural period   3 to 300 sec 

Damping lector   0.5 to 10 

Sensitivity   30 to 0.3 V/mm 

Reduced length   ~0.5 m 

Moment of inertia    2 kg'nr 

Dynamic range   100 dB 

C.  SEISMOGRAPHS 

1.  SKD Broadband, Galvanometrically Recording Seismographs [1,28] 

The SKD seismographs, the standard, intermediate-to-long period, 

broadband instruments with galvanometric registration, are intended 

to replace the SK intermediate-period seismographs.  An SKD system 

consists of (1) an SVKD and two SGKD seismometers, (2) GK-VIT galvanom- 

eters in which the alin alloy magnets are replaced by high-energy- 

content alnico magnets, thereby increasing the maximum magnetic field 

strength in the air gap of the magnet assemblv, and (3) a PS-3M recording 

unit.  The galvanometer is shunted with a resistance equal to that of 

J.e  seismometer signal coil. The magnetic shunt can be used to adjust 

the damping factor of the galvanometer between 5 and 10 to 12.  Tbd 

nominal values of the instrumental constants of SKD seismographs are as 

follows: 

a2 =0.25 

v = 1000 

T = 25 sec 
s 

D  = 0.5 

Tg-1.2 8ec       vmax= 1050 

n = « T = 0.2 to 20 sec 
g m 

The magnification curve of a three-component SKD system with the values 

of instrumental constants given above is shown in Fig. 32. 
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Fig. 32 — Magnification curves of (1) a standard SKD 
seismograph with the values of the instrumental 
constants given above and (2) a standard SK 
seismograph [28] 

2.  SD-1 Galvanonetrically Recording Seismographs [1,28] 

The SD-1 seismographs are the standard, long-period, galvanometrically 

recording instruments, which were to be installed at all baoi and at 

certain regional stations.  In 1970, however, SD-1 instruments were 

operating at only ten ESSN stations.  The SD-l system consists of an 

SVKD and two SGK.D seismometers (modified by replacing the 10 to 25 ohm 

signal coils with 900 ohm coils), SPr.-4a galvanometers, and a PS-3M 

'^cording unit.  The nominal values of the instrumental constants of 

the SD-1 are as follows: 

T  = 

D  ■ 

T  = 

D  = 

25 sec a*  = 0.20 

1 v = 900 

83 ser •7 % v   = 1000 
max 

0.5 T = 20 to 50 sec 

mm,lmmmmm mm^—^m*m 
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Magnification curves of an SD-1 system with SPG-4a galvanometers are 

shown in Fig. 33. 
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Fig. 33 — Magnification curves of SD-1 seismographs with 
SPG-4a galvanometers [28] with the following 
values of instrumental constants: 

T    

Curve 1 
(N-S,Z) 

   25 sec 

Curve 2 
(E-W) 

25 sec 
s 

D       1,0 1.0 
s 

T       82.2 sec 87 sec 
g 

D       0.50 0.50 

o2      0.304 0.267 

V      970 940 

v         1100 1020 
max 

T    .  20 to 60 sec 20 to 55 sec 
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Sometime iii the early 1970s Soviet seisnologists began to modify 

some of the SPG-4a galvanometers (T = 84 sec t 7%) to SPG-4aM models 

(T  - 105 sec) in the SD-1 systems already in oporation and in seis- 

mographs then being installed.  The nominal values of the instrumental 

constants, and therefore thi magnification curve of an SD-1 seismograph 

with a SPG-4aM galvanometer, is identical to that of a SD-2 instrument 

shown in Fig. 34 (curve 1). 
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Fig. 3'> — Magnification curves of seismographs with the following 
instrumental constants operating at the Obninsk station 
in 1971 [58]: 

T (sec) 
s 

D 
s 

T (sec) D 
g 

0^ V 
max 

SD-2 
(curve 1) 25 1.3 104 0.7 0.24 940 

Press-Ewing 
(curve 2) 30 1.62 94 0.82 0.012 880 

KPCh-100 
(curve 3) 20 10 108 0.7 7.2xlO-; 45 

SDS-300 
(curve 4) (Instrumental con stants are not available) 
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h SD-2 Galvanometrlcally Recording SelsmoRraphs [57] 

The SD-2 long-period seismograph systems consist of one SVKD and 

two SGKD seismometers with a high-impedance coil (830 to 860 ohms) 

coupled to DG-100 galvanometers.  Developed in the late 1960s they 

have been installed at the Obninsk and Simferopol' stations.  The 

magnification curves of the SD-2 and the Press-Ewing seismographs oper- 

ating at the Obninsk station in 1971 are shown  n Fig. 34.  The bandpass 

of the SD-2 is somewhat greater than that of the SD-1 and approaches 

that of the Press-Ewii ^ seismograph. 

4.  KPCh-100 [58] 

The KPCh-100 seismograph consists of an SVKD seismometer coupled 

to a DG-100 galvanometer.  The magnification curve of a KPCh-100 seis- 

mograph is shown in Fig. 34. 

* 
5^_SDS-200 Broadband^^Galyanometrically Recording Seismograph [59] 

The SDS-200 horizontal-component seismograph consists of a modified 

SGKD seismometer, a DG-200 galvanometer, and a PS-3M recording unit. 

The standard electromagnetic transducer in the SGKD seismometer was 

replaced by one with cylindrical coils and a more powerful magnet assembly 

with a cylindrical air gap.  The signal, damping, and calibration coil 

sensitivities and resistances of the modified SGKD seismometer are as 
follows: 

Coil 

Signal 

Damping 

Calibration 

Coll 
Sensitivity 
[V/(m/sec)] 

122 

76 

2.64 

Coil 
Resistance 

(ohms) 

1322 

862 

97 

SDS-200 la the designation used in this Report for this seismograph, 
which is referred to in the Soviet literature only as a "broadband seis- 
mograph with constant gain ir the period range between 2 and 200 seconds." 
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The moment of inertia of the modified SGKD seismometer is 0.3 kg*m2 

and its reduced length 0.5 m.  The constants of the DG-200 galvanometer 

are close to the values shown in Table 6.  The instrumental constants 

of thu  SDS-200 seismograph operating at three different gains are as 

tollows: 

T 
s 

(sec) 
D 
s 

T 
g 

(sec) 
D 
g a2 V 

V 
max 

T 
m 

(sec) 

19.7 10 197 0.5 0.23 120 160 150 

19.7 6 197 0.5 0.38 200 275 150 

19.7 5 197 0.5 0.46 240 330 130-140 

The magnification curves of the SDS-200 seismograph calculated 

from the instrumental constants given above are shown in Fig. 35. 

x 
500 

100 ^-T 

50 
, 

10- | 

5- f 

L ;   i i k 
5 10    50 100   500 1000 T.sec 

Fig. 35 — Magnification curves of the SDS-200 seismograph 
calculated from the three sets of instrumental 
constants given above [59]. (o = experimental 
points on the magnification curve of the 
SDS-200 seismograph operating at the Obninsk 
station) 
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6. SDS-300 Broadband, GalvanometrIcally Recording Seismograph 

The SDS-300 consists of a modified, SVKD seismometer described 

in Section II-B-1 and a 300 sec DG-300 galvanometer (see Table 6). 

A magnification curve of the SDr-300 seismograph is shown in Fig. 34. 

The instrumental constants of the SDS-300 are unavailable. 

7. Standard, Broadband, Visual-Record Seismograph System [1] 

The magnification curve of seismographs recommended by the Institute 

or Physics of the Earth for use in standard, long-period, broadband, 

visual-recording systems to be deployed at Soviet selsraographic stations 

is shown in Fig. 36 (curve 1).  The system consists of a DS >r a SKD 

seismometer with T = 20 sec and D =0.5: an 1PR-M parametric, variable 
s s 

reluctance amplifier system with T = 2 to 4 sec and D = 10; and a SPR 
8 8 

hot-pen recorder. The maximum gain that can be achieved with DS seis- 

mometers is 500, while the maximum magnification obtained with SKD is 

only 50.  The UPN-3M amplifier can be substituted for 1PR-M, and N-002 

or PST hot-pen recorders can be used instead of the SPR. 

1.0 ;-|—-• 
._...=. »c 

\V"::: 
  

_ _  

u... 
0.1 1.0 »0 100 T.sec 

Fig. 36 — Magnification curves of standard broadband 
visual-recording seismograph systems [1] 
Curve 1 - seismometers without external 

capacitors 
Curve 2 - seismometers with external 

capacitors 
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8.  Standard, Broadband, Visual-Recording Seismograph System 

with Extended Frequency Response [1] 

The magnification curve of standard long-period, broadband, visual- 

recording seismograph systems with an extended frequency response Is 

shown In Fig. 36 (curve 2).  The system, which Is to be deployed at 

Soviet selsmographlc stations, consists of a DS seismometer with T = 20 sec 

(extended to 30 sec by means of an external capacitor connected to the 

signal coll) and D = 1.0 to 0.7; an IPR-M parametric variable reluctance 

amplifier system with T = 2 to 4 sec and D =15; and a SPR, N-002, or 
g B 

PST hot-pen recorder.  The maximum gain of the system Is about 100. 

9.  SMD Broadband, Galvanometrlcally Recording Seismograph [60] 

A long-period displacement seismograph consisting of a modified 

Ostrovskiy tiltmeter was tested and Installed at the Obninsk station 

sometime in the late 1960s.  The tiltmeter, which responds to accel- 

erations at periods exceeding T = 5 to 10 sec, was modified (1) by 

incorporating an RC filter into the negative-feedback loop of the elec- 

tronuignetic transducer, which is used for pendulum centering, and 

(?) by overdamping the M17/13 (T = 20 sec, D = 13) galvanometer. 

A high-pass RC filter with a fall off of 12 dB/octave at T ^ 1800 sec 

is used to suppress tidal wave signals.  Other changes included replacement 

of the transducer coil with one having a much larger generator constant. 

The SMD seismometer operates at a gain of 200, and its magnlf-cation 

curve, shown in Fig. 37, is flat between one and 60r sec. 

10.  SGK Hall Effect, Visual-Recording Seismograph [61] 

A long-period, horizontal-component, ink-pen displacement seismo- 

graph was developed by adding a Hall-effect pickup to an otherwise 

unmodified transducer of the stanaard SGK broadband, intermediate- 

period seismograph.  The seismometer, with a Hall-effect pickup attached 

to the end of the boom, responds to displacements rather than velocities. 

A block diagram of the Hall-efrect seismograph is shown in Fig. 38. 

The damping cull (C ) in the transducer remains unchanged, while the 
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Fig. 37 — Magnification curves of 
1 - Ostrovskiy tiltmeter 
2 - Press-Ewing seismograph 
3 - SMD seismograph [60] 

signal coil (C1) is now used for calibration and for remote pendulum- 

equilibrium adjustment (performed by >neans of a microammeter in the 

load circuit of the F117/3 galvanometer phototube amplifier, connected 

to the Hall-effect pickup through resistance 1^).  Rigid suspension 

of the galvanometer (T = 1.34 sec) in the phototube amplifier elim- 

inates the need for feedback.  The signal is fed into a low-pass filter, 

which suppresses 5 to 7 sec microseisms and serves as an integrating 

circuit to provide sufficient gain at longer periods, and into a transis- 

torized F122 dc amplifier, modified so as to increase its gain. An 

isolating capacitor between the filter and the dc amplifier decreases 

sensitivity to tilting due to earth tides.  The seismometer is covered 

with a plastic foam cover.  Figure 39 shows the frequency response curves 

of the Hall-effect seismometer, low-pass filter, and Hall-effect seis- 

mograph.  The maximum gain of the seismograph is lO4 at T = 33 sec. 

UH 
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Fig.   38 ~ Bloc 
1  - 
H  - 

k diagram of the Hall-effect seismograph [61] 
transducer 
Hall-effect pick-up 
damping coil 

C„ - calibration coil 

Rl- 
2 - 
3 - 
4 - 
5 - 
6 - 
7 - 
8 - 

gain control resistor 

F117/3 galvanometer-phototube amplifier 
low-pass filter 
dc amplifier 
N-322 or a PVZ-T ink-pen recording unit 
Hall-effect pic\-up power supply 
phototube amplifier power supply 
calibration signal generator 

wmmam J 
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W 
,4   I iillili 1 lluilll   1 Lull ■ i tnw i SiTTfe1 T,se( 

Fig. 39 — Frequency-response curves of 
1 - Hall-effect seismometer 
2 - low-pass filter 
3 - Hall-effect seismograph [61 

11.  SGKD-0 Hall-Effect High-Gain Seismograph System [62] 

The SGKD-0 Hall-effect, high-gain, long-period seismograph system 

(v   = 20,000 at T = 50 sec) consists of two 25-sec seismometers, (one 
max 

visual, one photographic), two FM tape recorders, and associated 

electronic components developed by KSE in the mid-1960s.  It is intended 

for registration of seismic signals in the 0.01 to 15 Hz passband at 

two gains separated by -46 dB.  The sensitivity of SGKD-0 seismometers 

was increased by incorporating Hall-effect pickups in their transducers — 

in a way similar to that just described in Section II-C-11.  The elec- 

tronic components of the seismograph system luclude a low-noise pre- 

amplifier, a modulator with a blocking oscillator which generates the 

250 Hz carrier, an amplifier, two pulse-shaping circuits, a frequency 

converter (250 Hz 1 50% to 125 Hz 1 50%) to reduce cros^ualk, and 

impedance matching circuits.  The signals are recorded by an eight 

channel (six signal, one timing, one wow-and-flu.ter compensation) 

operational tape unit recording continuously on 19-mm tape at a speed 

of 1 cm/sec.  The amplifier of one of the signa . channels is also 

connected to a demodulator and to a trigger which above a certain threshold 

activates, for a specified period of tlm^, the read-head of the storage 

recording system.  The FM signals from the read-head are amplified, 

shaped, and recorded with signal compression by an eight-channel storage 

mtk 
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tape recorder and, at the same *:ime, demodulated and registered by a 

photographic and visual-recordirt', unit.  A one-minute delay loop between 

the write-head of the operational tape recorder and the read-head of the 

storage recording system makes it possible to register seismic events 

large enough to trigger the storage tape recorder without a loss of 

first motion.  Since vertical SVKD-0 Hall-effect seismometers were 

apparently not developed, only four of the six signal channels of the 

operational and storage tape recorder? were being used.  The technical 

specifications of the recording uniu are as follows: 

Frequency range   0.01 to 15 Hz 

Modulation type   FM 

Center frequency and percent 
modulation 

generated   250 Hz ± 50% 
recorded   125 Hz + 50% 

Ope», ting eyrie . =  Continuous recording on oper- 
ational tape recorder. 
Triggered recording of selected 
events on storage tape recorder, 
with automatic reset, and on a 
photographic and a visual 
recorder. 

Heads   8 tracks 
3 high gain, 3 low gain 
1 timing, 1 wow-and-flutter 
compensat ^n 

Tape   Operational    Storage 
tape tape 

recorder      recorder 

width    19 mm 19 mm 
speed   10 mm/sec 
expenditure    <1 kir day      varying 

Dynamic range 
one channel   57 dB 
two channels   100 dB 

Timing   62.5 and 187.5 Hz signals pro- 
vide minute and hour marks 
from a quartz clock 

Tape speed compensation 
frequency    350 Hz 
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12.  Gyroselsmometer [63] 

A recent addition to Soviet long-period instruments is a negative- 

feedback gyroselsmometer consisting of a standard SK horizontal seis- 

mometer, with T = 10 sec and D =0.7, and incorporating a single- 
G * s 

degree-of-freedom gyroscope,  with an angular momentum of 20,000 gm-cm-sec, 

in an elastic suspension.  The natural period of the gyroselsmometer is 

increased by a negative feedback signal proportional to the second 

derivative of the angle of rotation (angular a .celeration) of the 

ppndulurn.  The natural periods of the gyroselsmometer are 0.06 sec (17 Hz) 

and MO sec.  The angular magnification (n/0) at 100 sec and 740 sec is 

44 and 6, respectively.  The output voltage of the parmetric transducer 

is proportional to the angle of rotation of the gyroscope relative to 

the pendulum. The gyroselsmometer is damped by feeding part of the 

signal from the parametric trant-'ncer to the damping coil of the electro- 

magnetic transducer of the pendulum.  The gyroselsmometer, connected 

to an N-39 pen recorder, can register displacement, velocity, or accel- 

eration. 

13.  Lijng-Firioc1 Velocity and Displacement Feedback Seismographs 

Soviet seismologists have described three different types oi   .eod- 

back seismographs.  The first, tht earliest and simplest, consists of 

an electromagnetic, nKn ing-coil seismometer.  In this model part of the 

signal, initially proportional to velocity, is differentiated by an RC 

circuit in the feedback loop so that the signal, now proportional to 

acceleration, is fed back degeneratively to the signl coil. 

*Although no details are given on how the gyroscope is incorporated 

in the seismometer, the method appears to be similar to that debcribed 
by Y. T. Huang in the Bulletin of the Seiamologiaal Society of Amsriaa, 
Vol. 5.3, No. 4, 1963, pp. 821-823. 

**Except for the material in Part 13a, all of this Section is based 
on data taken from:  (1) Z. I. Aranovich, D. P. Kirnos, and V. M. Fremd, 
Apparatura i metodika scjsmometricheskikh ndblyndeniy V SSSR  (Instruments 
and Observation Methods Used at USSR Se.'j ^ographic Stations), AN SSSR, 
Institut fiziki Zemli, Moscow, 1974, which was received just prior to 
the completion of this Report; and (2) A. V. Rykov, "Increasing Seis- 
mometer Stability by Means of Feedback Near the Boundary of its Stability, 
Seyemidheekiye pribor'j,  AN SSSR, Institut fiziki Zemli, No. 6, 1972, 

pp. 26-32. 

t 
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The second type, a feedback-controlled vel ;ity seismograph, Includes 

an electromagnetic-slgu^i transducer and a damping-coil tran -.ducer 

mounted on the pendulum of the seismometer.  The seismograph utilizes 

degenerative feedback signals, proportional to the pendulum's velocity 

and acceleration, fed bark to the damping-coil transducer. 

The third type, a feedback-controlled displacement seismograph, 

includes an unspecified displacement-signal transducer and a damping- 

coil transducer mounted on the oendulum of the seismometer.  It utilizes 

degenerative feedback signals, proportional to the pendulum's velocity, 

acceleration, and angular displacement from its center position, fed 

back to the damping-coil transducer. 

While the general review of basic principles of degenerative feedback 

presented below applies specifically to the third type (the feedback- 

controlled displacement seismograph), the discussion of negative feedback 

proportional to acceleration and velocity and to velocity alone also 

applies to the other two types of Soviet feedback seismographs. 

V  . feedback features of the feedback-controlled displacement 

seismograph are most conveniently discussed in terms of the feedback- 

loop constants k., k , and k , where the subscript indicates that the r d  v      a 
ft dback is proportional to the angular displacement of the pendulum 

from its center position d, its velocity v, and acceleration a. 

In general, a signal from the displacement transducer fed back 

degeneratively to the damping coil through a low-pass RC filter with a 

long time-constant increases the seismometer's stability and the linearity 

of its response.  The increase in stability of such a seismometer is 

determined by the centering factor (equal to the loop constant k.) which 

is given by the following equation: 

6  - 9. 

where 0 and 0, are the pendulum's initial displacement froai its center 
o     k 

position without and with displacement feedback, where the pendulum 

motion is generated by a constant accileri-tion or tilt. 

BABBMHMMMaMnMMMMBM^   
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A signal proportional to the pendulum's acceleration, ted back 

degeneratively to the damping-coil transducer increases the seismometer's 

moment of inertia K to a nev, value K  which can he determined from the 

following equation: 

K  = K (1 + k ) 
sf   s     a (2) 

The principal result of the increase in K  is the increase in the 

natural period of the seismometer to a new value T  giver by the 

followiiig equation: ' 

r  = T (1 + k ) 
s-   sv    a 

1/2 (3) 

In theory, the natural period of a seismometer can be increased 

indefinitely by inr easing the pendulum's moment of inertia; this is 

done without deterioration of the seismometer's stability, which is 

much improved by negative displacement feedback.  In practice, the 

increase in the natural period is limited by the decrease in damping, 

which is inversely proportional to the period i icrease, and by an even 

more rapid decrease in sensitivity.  The decrease in damping and sensi- 

tivity due to degenerative acceleration feedback is given bv the following 

equations: 

D    = D a + k r1/ 
s    s     a (4) 

5   - S (1 + k )-' 
s,   s     a (5) 

where the subscript s^. identifies the seismometer constant under consid- 

eration in the presence of feedback and subscript s refers to the constant 

in ^he absence of feedback. 

When the natural period of a seismomcrer with negative feedback 

proportional to acceleration is extended to the point that sufficient 

damping cannot be achieved by means of electromagnetic damping alone, 
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additional damping can be introduced using feedback proportional to the 

pendulum's velocity.  Such a signal, fed back degeneratively to the 

damping coil, increases the seismometer's damping In accordance with 

the equation: 

D  = D (1 + k ) 
sf    s     V 

(6) 

This increase in D  is more than sufficient to offset the drop in 

damping due to feedback proportional to acceleration.  Thus, the increase 

in the natural period of a seismometer with degenerative feedback signals 

proportional to both velocity and acceleration is limited primarily by 

the decrease in its sensitivity (see Eq. (5)).  The signal strength of 

the two types of feedback signals can be controlled by means of electric 

circuits in the feedback loop which make it possible :o vary the natural 

period and damping of the feedback-controlled seismometer. 

a.  Broadband, Negative-Feedback, Vertical-Component Velocity Seis- 

mograph [56).  An experimental model of a broadband, negative-feedback, 

verMeal-component velocity seismograph, operating at one-fourth of its 

maximum gain of 2000, was installed at the Obninsk station in early 1970. 

The signal generated by the electromagnetic, moving-coil seismometer 

described in Section II-B-3 is amplified by an 1PR galvanometer amplifier 

with a voltage gain of 2'10", input noise of less than 0.002 \iV,   output 

voltage of '10 V, output impedance exceeding 500 ohms, and galvanometer 

natural period T„ = ^ sec. 

Part of the signal from the IPR amplifier is fed back to the seis- 

mometer damping coil through an RC differentiating circuit forming 

the feedback loop.  The effect of the feedback, which is proportional 

to acceleration, is to increase the natural period of the seismometer. 

The new natural period can be determined approximately froir Eq. (3), 

where k  the loop constant for feedback proportional to acceleration, 
a 

is given by the following formula: 

k   gS^'-'c/K 
ax    s 

(7) 
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where g is the feedback loop gain, S. is the velocity sensitivity of 

the seismometer, I   its reduced length, and C the capacitance of the 

feedback loop.  Formula (7) becomes exact when RCa)f << 1, where R is 

the resistance of the feedback loop and u- is the angular corner frequency 

of the low-pass filter.  For the seismograph under consideration, 

RC = 0.04 sac, W./2I1 = 1 Hz, and formula (7) is  sufficiently accurate. 

The values of g, S., I,   and C at a given value of K were selected so 
x ■ 

that T = 10 T .  Since T = 20 sec, the new seismometer period with a 
s s 

negative feedback proportional to acceleration is T = 200 sec. 

The other part of the signal output is fed into high-pass and low- 

pass filters, amplified by a transistor i-zed parametric dc amplifier and 

recorded by a heated-stylus recorder. 

The high-pass filter, with a time-constant of ~200 sec, serves to 

eliminate long-period noise due to pendulum and amplifier drift (as 

much as 3 to 5 um per day, which would otherwise cause seismograms to 

display departure from zero of up to 10 mm every 24 hours). A low- 

pass filter with a time constant of -5 sec is used to shape the high- 

frequency part of the response curve. 

The principal parameters of the transistorized, parametric dc 

amplifier are as follows: 

Voltage gain   103 

Input noise   <1 pV 

Input impedance   10 kohms 

Thermal drift at the input   «ao-5 V/0C 

Output voltage   ±10 V 

Output impedance   <500 ohms 

Power supply   12 V, 0.05 amp 

A single-channel SPR heated-stylus recorder (see Section I-D-3-d), 

operated at a speed of 6 mm/sec, is used for registration of seismic 

-ignals. 

■UM '-'■-^--■■-■'■ M ii  ifci in   ■  
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b, Feedback-Controlled Velocity Selmnograpi. with Adjustable Seis- 

mometer Constants. A schematic drawing of a feedback-controlled velocity 

seismograph is shown in Fig. 40a.  A "oltage proportional to the velocity 

of the pendulum (1) is generated by the signal coil of an electromagnetic 

transducer (2) of a pendulum seismometer.  This signal is amplified by 

a dc amplifier (3) and fed to a digital- or visual-recorder. 

Part of the output signal is fed degeneratively across capacitance 

C of the feedback loop and to the coil of the damping-coil transducer. 

Since the feedback time-constant RC is sufficiently small so that 

2nRC/T << 1, the feedback signal is differentiated by the RC circuit. 

This part of the feedback signal is proportional to acceleration and thus 

increases the seismometer's natural period in accordance with Eq. (3) 

with the loop constant given by formula (7), which applies if one dis- 

regards the potentiometer. However, the degenerative acceleration feed- 

back also decreases the damping and sensitivity of the seismometer in 

accordance with Eqs. (4) and (5). 

Another part of the signal is fed degeneratively across resistance R 

and to the coil of the damping coil-transducer (4).  This signal remains 

proportional to the velocity of the pendulum and thus increases the 

seismometer's damping in accordance with Eq. (6). The natural period 

and damping of the seismometer can be controlled by means of a poten- 

tiometer P and resistance R1, respectively. 

c. Feedback-Controlled Displacement Seismograph with Adjustable 

Seisniometer Constants. A schematic drawing of a feedback-controlled 

displacement seismograph is shown in Fig. 40b.  It dif'prs from ihe 

feedback-controlled velocity seismograph described in Section II-B-13-b 

in that (1) the signal is generated by an unspecified displacement 

transducer of the pendulum seismometer described in Section IT -8-5 

rather than an electromagnetic transducer, and (2) it has different 

feedback-loop circuitry.  Improved stability is achieved by means of 

a signal fed back degeneratively through an R, C filter of an R..C..R 

circuit.  Negative feedback proportional to acceleration to increase 

the seismometer's natural period is obtained by means of two differ- 

entiating RC circuits. The increase in the natural period and the 

1 
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Flg. 40 - 
Schematic drawing of feedback-controlled seismographs 
with adjustable seismometer constants -- (a) velocity 
seismograph; (b) displ .cement seismograph 

1 - pendulum 
2 - electromagnetic  signal  transducer 
3 - dc amplifier 
4 - electromagnetic-damping  transducer 
5 - unspecified  signal-displacement  transducer 
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decrease in the damping factor and sen-iif.ivity of the seismometer due 

to feedback proportional to acceleration are given by Eqs. (3) through 

(6) with the value of the loop constant given by the following equation: 

k = S.ZP-RC^/K (8) 
ax      s 

The increase in damping is achieved by means of a signal from the 

displacement transducer fed back degeneratively across an RC circuit, 

and differentiated by it, so that the feedback is proportional to 

velocity. 

In the model under consideration, the natural period of the seis- 

mometer at a constant feedback loop gain can be varied between 3 sec 

and 300 sec by varying the strength of the feedback signal proportional 

to acceleration by means of a potentiometer (P).  The damping factor 

at constant feedback-loop gain can be varied between 0.5 and 10 of its 

critical value by means of resistance R™.  In practice, the feedback 

signal and seismometer constant are varied by switching on different 

electronic modules. 

MMaMaMMflMMBMMMHaMHMkBi ■ ''-'■-'-- ■■   
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III.  SPECIAL SEISMOGRAPH STATION NETWORKS 

A.  THE KOI) DIGITAL SEISMOGRAPH STATION NETWORKS 

The KOD seismograph statim networks for detection and identifi- 

cation of nuclear explosions consist of three to five stations equipped 

with three-component KOD digital seismograph systems.  Selection of 

interesting events from seismic data acquired by stations in the net- 

work is performed at a central editing facility [64,65].  Preliminary 

processing of these selected events, including frequency filtering, 

crosscorrelation, and smoothing, is performed by a system deploying a 

special-purpose computer.  Further processing and analysis of significant 

events is done on a general-purpose computer using digital tapes from 

several KOD systems [64,65,66].  It is claimed that several KOD networks 

have been operating at unspecified locations in several regions of the 

Soviet Union since 1966 [65,67,68]. 

].  KOD Digital Seismograph System 

The KOD seismograph system (see block diagram in Fig. 41) consists 

of a three-component set of moving-coil SKD long-period seismometers 

(T = 30 sec, D = 0.45, S = 60 iiV/wm at 1 Hz, increasing with frequency 
s s x 

at 6 dB/octave) and a three-component set of SKM-3 short-period seis- 

mometers (T = 3.5 sec; D = 0.45, S  = 2000 yV/um at 1 Hz also increasing 
s s x 

with frequency at 6 dB/octave).  The signals from each seismor eter are 

fed into a two-stage, negative-feedback preamplifier system.  The pre- 

amplifier coupled with SKD seismometers consists of two F117/5 galvanometer 

phototube amplifiers, coupled with SKM-3, or two F117/3s.  (For convenience, 

the preamplifiers used with each SKD and the same component SKM-3 seis- 

mometer are packaged together as a single unit, sometimes called the 

DFU amplifier.)  The parameters of the feedback loop of each preamplifier 

are adjusted for a gain of 103 at T = 33 sec [65]. 

The principal characteristics of the preamplifier used with SKM-3 

seismometers are as follows [1]: 

- -  -      --——».—Mil—M».«!^—-.  
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Period range   0.1 to 100 sec 

Cain   0.5 to 2 x 10b 

Input noise (peak-to-peak)   0.1 uV 

Dynamic range     60 dB 

High-frequency roll off   24 dB/octave 

The outputs of the DFU amplifier are summed at the input of a 

transistorized, three-channel KOD-I amplifier system consisting of 

(1) a postamplifier, (2) a low-pass RC filter, v,ith a drop of 40 dB 

at 50 Hz, and a RC notch filter (adjustable bpiween 0.140 and 0.148 Hz) 

with an attenuation rate of 32 dB/octave, ...id a drop of 40 dB at the 

notch, intended to suppress 5 to 8 sec •  -oseisms.  The KOD-I, intended 

for operation in the period range T = 0.3 to 33 sec, has two outputs per 

channel with a gain of 10 and 100. However, excluding the sawtooth 

control voltage, only four data channels can be recorded on magnetic 

tape, with the usual combination being three-components high gain and 

a vertical-component low-gain, or vice versa [65]. 

Signals  rom the KOD-I are sampled sequentially by a scanner of 

the UDAR-1M analog-to-digital converter, at a rate of 33 samples per 

second.  The analog-to-digital converter is a lO-channel (only 5 are 

used), 11-bit successive approximation unit vith a dynamic range of 

i5 V and with the least significant bit thus representing - ±5 mV. 

The 5 d^ta channels are recorded in parallel in 11-bit code on the 17- 

track 35-mm magnetic tape of a LMR-type recorder.  The 12th bit on the 

tape is a parity check.  The absolute time, converted by a separate unit 

into a 12-bit code, is recorded at 30-sec intervals, resulting in the 

loss of a data point from each of the 5 channels every 1000 conversions. 

The 13th bit, placed once every 5 samples, identifies the first channel. 

The 13th through the 17th tracks identify all 5 channels once every 500 

samples.  The packing density is 10 bits/mm at a tape speed of 15.5 mm/sec, 

A quartz clock, synchronized by radio once every 12 hours, maintains an 

overall accuracy of 0.1 sec per day [65]. 

Probably a separate unit. 

mm -MMMSfl 



V^»«WOTMPV ■V-WVWMi'VM    "'^"••^•■^P^fWr^pP^—pBPWH 

\ 

90 

All channels are calibrated by feeding 10-V stip-function-current 

pulses of 28-msec duration into the damping colls ol the seismometers. 

The transfer functions of all channels are recorded on each tape and 

are used by the computer to calculate the frequency-response curves 

of the channels.  Transfer functions registered by visual recorders 

are also compared with standard functions [09]. 

The response curve of a high-gain channel of the KOD system oper- 

ating at maximum gain, computed from the Constanta of the system, is 

shown in Fig. 42.  The maximum displacement sensitivity of this system 

at 1 Hz is 6.5 V/um, and the ratio of maximum gain at high frequencies 

to that at low frequencies is 25.  The low frequency roll off is 30 

dB/octave and the high-frequency roll oft is 12 to 18 dB/octave.  The 

attenuation rate of the response curve en the left and right sides of 

the notch at 0.145 Hz are 28 dB/octave and 40 dB/octave, respectively. 

At low frequencies (f = 0.4 to 3.5 Hz) the KOD system, operating at 

maximum gain and the vertical-component channel recording at two different 

magnifications can record displacements between 3 nm and 12 W,   at 

longer periods (T = 14 to 40 sec) the range of recordable displacements 

drops to 0.08 to 300 \m   [651. 

iL.,1    1    LiJ 
0.01 0.1  1.0  10  100 f,Hz 

Fig. 42 -- Displacement sensitivity curve of a high- 
gain channel of the KOD system operating 
at a maximum gain, determined from the 
constants of the system [65] 
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An experimentaJ response curve of one of the channels of the KOD 

system operating bt iow maximum ga^'n and the same curve calculated on 

a computer from i.he ^ansfer function for th»' system are shown in 

Fig. A3 [69],  Figure VA shows the response of the low-gain channel 

of the KOD system operating at maximum gain for registration of tele- 

seismic events.  The maximum sensitivity of the low-gain channel of the 

KOD system is 2  V/ym at 1 Hz and 50 mV/pm at 0.1 Hz.  The two levels 

on the response curve, one with a sensitivity about 40 times that of 

the other, are needed to record both S and P phases with the same number 

of binary digits (to the same least significant bit), even though the 

amplitude of P exceeds that of S up to 40 times [68). 

0.1 2   5 0.1 2 f ,Hz 

Fig. 43 — Displacement sensitivity curves of the KOD system 
operating below maximum gain [69] 
I - derived experimentally 

II - computed from the transfer function 
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0.01 0.1  1.0  10 f,Hz 

Fig. 44 — Displacement sensitivity curve of a 
low-gain channel of the KOD system 
operating at maximum gain [68] 

2.  Editing and Preliminary Processing Systems 

The magnetic tapes and seismograms from several KOD stations are 

unloaded three times a day and sent to u central editing facility. 

Interesting events observed on the seismograms from a visual recorder, 

acquired at the same time as the magnetic tapes, are manually selected 

and transcribed onto another tape.  During transc -iption, this tape 

is decoded on a digital-to-analog converter and rerecorded on photo- 

graphic paper [65]. 

Preliminary processing of interesting events is performed by a 

system that includes a special-purpose computer developed specifically 

for that purpose.  A block diagram of the preliminary processing system 

is shown in Fig. 45. 

The specifications of the special-purpose computer are as follows 

[66,67]: 

Type   second generation, fixed point 

Operating speed   83,100 adds/sec; 37,700 mults/sec 

Memory fpe   core memory 

Memory capacity   192 11-bit words 

Access time   12 usec 

IMB mmutm _AkdlMtt.Miku 
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Output precision   3 decimal places 

I/O transfer rate per 
tape channel   3 msec 

Dimensions   two cabinets, each 
30 x 110 x 175 cm 

The preliminary processing system is capable of performing the 

following operations on seismic data recorded in digital form on mag- 

netic tape by each of the five channels of the KOD digital seismograph 

system [66,67]: 

1.  Frequency filtering in accordance with the following formula: 

j-o 

(9) 

where f(t._.) is the signal, h. is the impulse response of 

the filter, n + 1 is the number of data points, and k is the 

scale factor.  For n = 64 an attenuation rate of 40 to 50 

dB/octave can be achieved.  The time required for one calcula- 

tion using formula (9) with n - 1 is 390 usec.  Thus, for 

n = 64 the required computer time is 24 msec. 

Crosscorrelation in accordance with a formula analogous to (9), 

except that h. represents a function with which crosscorrelation 

is to be carried out.  In particular, crosscorrelation includes 

extraction of late arrivals. 

Smoothing in accordance with the following formula: 

ZitJ 1    Y<tl-J) 
.1=0 

(10) 

4.  Determination of the mean in 

formula: 

tensity in accordance with the 

Kt,) = k^; ivct.,.) 

j=o 

(11) 
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The following operations are performed on the data:  (1) the 

preliminary processing system selects one of the channels on the 

magnetic tape of selected events; (2) the time code is read In without 

any change; (3) the excess data are decimated by a factor of 2m, where 

m can be set between 0 and 6; (A) the offset binary code used initially 

is converted to a signed binary code with the zero-volt level taken to 

be the mean value of the range of measurements; (5) the output of the 

preliminary processing system is recorded on magnetic tape, in the same 

binary code as the original Input, for possible further processing on 

a general-purpose computer [67]. 

According to [67], the operating capability of the special-purpose 

computer was to be improved by 

1. Doubling the main memory capacity by adding a second 
core and thus increasing the number of values of the 
impulse response stored in the memory to n = 128. 

2. Quadrupling the operating speed of the computer by 
computer hardware manipulation. 

3. Adding the capability for multichannel processing. 

Furthermore, the preliminary processing system could also be con- 

verted to a rather sophisticated triggering unit for the KOI) system 

operating it standby mode [66]. 

B.  THE TRIANGLE NETWORK 

The Triangle network consists of three seismographic stations — 

Talgar (43014,N, 77014,E) in the Kazakh SSR, and Frunze (42o50,N, 

74037,E) and Naryn (41026,N, 76o00,E) in the Kirgiz SSR — that torm 

a roughly equilateral triangle with sides 200 km long.  The network, 

which became operational in 1968, is equipped with identical three- 

'omponent digital seismograph systems that record in the frequency 

range 0.003 to 5 Hz.  The magnetic tapes from the three stations are 

unloaded and sent by truck to a central editing facility.  Interesting 

events observed on seismograms from a visual recorder, which arc obtained 

MMMMI 
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simultaneously with the magnetic tapes, are manually selected, tran- 

scribed onto another tape, and sent to the computer-processing facility. 

The digital seismograph system used in the processing systems of the 

Triangle network is similar to that of the KOD system shown in Fig. 41. 

1.  Seismograph Systems at the Triangle Network 

The seismic instruments of the array consisc of three digital 

seismographs which record the three components of motion at normal gain 

(the vertical-component channel, however, has a double output — normal 

and one-tenth of normal, or low gain) and a vertical-component, high- 

gain digital seismograph.  The basic difference between the high-gain 

and the three-component seismographs are the seismometers and an 

extra postamplifier used with the high-gain instrument [70]. 

The SKD-0 moving-coil seismometers (with T = 15 sec, D =4.0, 

S = 400 mV/um at 1 Hz increasing with frequency at 6 to 14 dB/octave at 

f > 0.01 Hz) are used in the three-component, normal-gain and the 

vertical-component, low-gain channels.  The signals from the seismometers 

are fed into two-stage, negative-feedback amplifier systems with 

unspecified low-pass and high-pass filters.  The first and second stages 

of the amplifier system consist of FU 117/3 and FU 117/5 galvanometer 

phototube amplifiers.  The input impedance of the phototube-amplifier 

system is several dozen \ai1  and the input noise is less than 0.05 iiV. 

The noise at the input to the analog-to-digital converter does not 

exceed 4 mV and is thus less than the voltage represented by the least 

significant bit, usually given as 3.75 mV [70].  The level of microseisms 

at the channel output is below 50 mV [71].  The voltage gain of the 

normal-gain channels at frequencies of 1 Hz and 0.01 Hz is 1.6 x 103 

and 3.7 x lO1*, respectively. The overall dynamic range of the normal- 

and low-gain channels is 70 dB [70]. 

Curve 2 in Fig. 46 shows the response curves of one vertical- 

component and the two horizontal-component channels of the digital 

seismographs operating at the Triangle network in 1970.  These channels, 

operating at normal gain, record velocities in the frequency range 

0.01 < f S 1 Hz.  Velocity sensitivity at periods 1 < T < 100 sec varies 
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5x10 

0.01 0.1 

Fit?. 46 — Displacement sensitivity curves of digital srlsmograph 
systems operating at the three stations of the Triangle 
network in 1970 [71] 
1 - high-gain, vertical-component channel 
2 - one vertical-component channel and two horizontal- 

component channels operating at normal gain 
3 - low-gain, vertical-component channel 

S = displacement sensitivity at the input to the 
analog-to-digital converter 

V = magnification 
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between 4 and 8 mV/(um/sec),  The value of the least significant bit 

of the three normal-gain channels (3.75 mV) at frequencies of 1 Hz and 

0.01 Hz corresponds to ground displacements of 4.5 nm and 1 um, respec- 

tively.  In units used in Fig. 46, these values correspond to displace- 

ment sensitivities of 0.83 x 103 mV/um at 1 Hz and 3.75 mV/um at 0.01 Hz. 

At frequencies f > 1 Hz the decrease in displacement sensitivity is 14 

to 16 dB/octave while at the low frequency end, 0.005 < f < 0.01, the 

decrease is 12 to 14 dB/octave [70]. 

The response curves of the low-gain, vertical-component channel 

shown in Fig. 46 (curve 3) have the same shape as the normal-gain 

channels.  The value of the least signifi.ant bit of the low-gain channel 

corresponds to ground displacements ten times larger and displacement 

sensitivities ten times smaller than those of the normal-gain channels [70] 

An SVKD moving-coil seismometer with Ts = 18 sec, Ds = 0.3, and 

S = 125 mV/um at 1 Hz, increasing with frequency at 6 to 20 dB/octave is 
x 

used to record the vertical component of motion at high gain. The sig- 

nals from the SKD seismometer are fed into a two-stage, negative-feedback 

gaxvanometer-phototube-amplifier with the low-pass and high-pass filters 

described above.  Additional gain is achieved by means of the K0D-1 

postamplifier.  The output noise of the amplifying system is less than 

10 mV [70].  The average level of mlcroseisms at the output of the 

high-gain channel is 200 mV at T = 20 sec and less than 50 mV at other 

periods [71].  The voltage gain of the high-gain channel is 5 x 105 at 

1 Hz, 5 x 103 at 0.15 Hz, and 2.5 x 105 at 0.06 Hz.  The dynamic range 

of the high-gain channel is 60 dB [70]. 

The response curves of the high-gain, vertical-component channel 

of the digital seismographs operating at the three Triangle network 

stations in 1970 is shown in Fig. 46, curve 1.  The value of the least 

significant bit of the high-gain channel (3.75 mV) at frequencies of 

1 Hz, 0.05 H?,, and 0.01 Hz corresponds to ground displacements of 

0.1 mum, 1 mum, and 10.7 mum, respectively.  For curve 1 in Fig. 46 

these values correspond to displacement sensitivities of 3.75 x 10u mV/um 

at 1 Hz, 3.75 x 103 mV/um at 0.05 Hz, and 10.7 mV/um at 0.01 Hz. At 

frequencies f > 2 Hz, the decrease in displacement sensitivity is 22 dB/ 

octave, at f < 0.05 Hz, the decrease is 16 to 20 dB/octave, and at the 
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notch (f = 0.18 Hz) the drop is 28 to 30 dB/octave.  The ratio of the 

maximum gain of the high-gain channel at f = O.Of  Hz to that at 

f = 1.5 Hz is 16.  At f = 1 Hz and f = 0.06 Hz, i.e., at the peaks in 

displacement sensitivity, the system records displacements with ampli- 

tudes 0.2 nm to 0.2 um and 2 nm to 2 m,   respectively [70].  It is 

interesting to note that the It  st amplitudes given — 0.2 nm at 1 Hz 

and 2 nm at 0.06 Hz — are twice as large as the minimum recordable 

amplitudes of ground displacements determined from the least significant 

bit and are probably the true minimum recordable signals for instruments 

having response curves shown in Fig. 46. 

The value of the least significant bit of 3.75 mV corresponds to 

2.1 x 10"1 nm of ground displacement at a frequency of 1.5 Hz.  The 

maximum gain at the input to the digital tape recorder is 1.8 x 10 . 

The maximum instrumenta] noise at the output of the analog-to-digital 

converter at f = 1.5 Hz does not exceed 20 mV (11 x 10~3 nm of ground 

displacement) [72]. 

The signals from the postamplifier are sampled sequentially by the 

scanner of the UDAR-1M analog-to-digital converter, at a rate of 33 

samples per second.  The analog-to-digital converter is a 10-channel 

(only 5 are being used) 11-bit successive approximation unit with a 

dynamic range of t5 V -- the least significant bit thus represents 

~ ±5 mV.  The 5 data channels are recorded in parallel in 11-bit code 

on   -track, 35-nim magnetic tape. The 12th bit on the tape is a parity 

ehe  . The absolute time, converted by a separate unit into a 12-bit 

code, is recorded at 30-sec intervals, resulting in the loss of data 

point from each of the 5 channels every 1000 conversions.  The 13th bit, 

placed once every 5 samples, identifies the first channel.  The 13th 

through the 17th tracks identify all five channels once every 500 samples. 

The packing density is 10 bits/mm at a tape speed of 15.5 mm/sec. A 

quartz clock, synchronized by radio once every 24 hours, maintains an 

overall accuracy of 0.1 sec per day [70]. 

The value of the least significant bit of 3.75 mV quoted in the 
paper indicates that the range of the cowerter is 7.5 V peak-to-peak. 
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All channels are calibrated by feeding 10-V, step-function-current 

pulses of 28-msec duration into the damping coils of the seismometers. 

The transfer functions of all channels are recorded on each tape and are 

used to calculate the frequency-response curves of the channels.  Transfer 

functions registered by visual recorders are also compared with standard 

functions [70]. 

2.  Editing and Processing Systems 

The functions of the editing facility are to search the tape at a 

speed 10 times greater than the recording speed, excerpt the interesting 

events, and make a digital-to-analog conversion for visual control and 

analog recording.  The tapes of interesting events are sent to a 

computer-processing facility [70]. 

Computer processing of selected events is performed in two stages. 

In the irst stage, raw data consisting of a copy of the tape and blocks 

of data of 30-sec duration taken from the tape and put on punchcards are 

read into the computer by means of an input device which automates the 

input.  This device includes a tape recorder, electronic components, 

oscillograph, control panel, and power supply.  It (1) searches the 

tape according to the time codes input from the control panel or by 

programmed means, (2) inputs into the computer selected dat? from any 

combination of channels, and (3) records and indexes the time code at 

the end of the tape, until the input of subsequent data. When needed, 

digital-to-analog conversion is made and the data are displayed on an 

oscillograph. The input rate into the computer is 2500 or 5000 16-bit 

words per second at a packing density of 10 bits/mm.  The tape speed 

is 250 mm/sec or 500 mm/sec and the total length of the tape is 500 m. 

Ten thousand values can be input into tue computer in a single pass. 

A special program deletes the data that fails the parity check and 

converts the remaining data into the proper format [70]. 

Computer output after first stage processing consists of a copy 

of the tape of selected events, a catalog of input events on punch- 

cards, a graphic re resentation, and a numerical designation of data 

blocks [70]. 

mmmm — ■ i 
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The second stage consis'-s of computer processing of elected events 

in accordance with the programs described in [72].  In general, the 

computer methods used by Soviet seismologists of extracting weak seismic 

signals generated by underground nuclear explosions from noise have not 

been described in the geophysical literature.  However, an insight into 

the capabilities of Soviet computers as well as into the limitations that 

the scarcity of third-generation computers has imposed can be gained from 

the main parameters of computers known to be used in seismological 

applications, shown in Table A-l in Appendix A.  Possible improvement in 

detection capabilities can be estimated from Table A-2, which gives the 

principal parameters of third-generation Ryad computers.  These are 

closely patterned after the IBM/360 and are being developed by the Soviet 

Union in cooperation with several East European countries. 

C.  SHORT-PERIOD, VERTICAL-COMPONENT SEISMOGRAPH STATION NETWORK 

FOR EARTHQUAKE PREDICTION AT TASHKENT 

A four-station, short-period seismograph station network intended 

primarily for earthquake prediction is presently being completed at the 

Tashkent Geodynamic Test Site in Uzbek SSR.  Each station is equipped 

with a SVKM-3 vertical-component, short-period seismograph (described in 

Section I-A-2) and a SBU-V vertical-component, short-period, borehole 

instrument operating at a maximum gain of 5'103 (see Section I-E-10).* 

The seismic data from the Chengel'dy (Al-Sl'N, 68059'E),  Yangiyul' 

(ArOÖ'N, 69#03,E)> and Yangibazar (41
,19,N, 69032,E) are telemetered to 

the Tashkent Seismological Observatory (41o20,N, 69018'E), which also 

serves as the fourth station of the network.  Three of the stations form 

a right-angle triangle with sides 30, 40, and 50 km long.  The Tashkent 

Observatory is located at the center of the triangle at a distance of 

up to 33 km from the other stations [73]. 

* 
The data from only one seismometer can be telemetered to the central 

station at any particular time. 
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A block diagram of the tfelemett     system that has operated since 

September 1170 Is shown in Fig. 47.  Orf-the-shelf PFS-1M radic trans- 

mitters operating from commercial power lines, incorporating channel 

miltiplexing and FM modulation, are used for data transmission.  The 

technical specifications of the telemetering system are as follows [73,74]: 

Modulation type   FM 

Frequency response   0.5 to 10 Hz 

Carrier frequency   60 to 69, 975 MHz 

Dynamic range   40 dB 

Nonlinearity   C.5 to 1.0% 

System noise referred to 
the i put   0.3 MV 

Operating temperature   -150C to +450C 

Transmissio r range   30 to 50 km 

Receiver sensitivity   2 yV 

Power supply   250 W 

At present, data from only one of the seismometers at each of the 

iour  stations can be transmitted to the Tashkent Observatory at one time; 

these data are recorded in analog form by a PVZ-T, four-channel, ink-pen 

recorder at a speed of 240 mm/min [72].  However, when completed, the 

data channels will be connected to a preliminary-processing system. 

The signils fed into this system are to be amplified, sampled sequentially 

by a scanner of an analog-to-digital converter at a rate of 50 samples 

per second, and recorded in parallel in signed, 8-bit binary code on 

one of two tape loops with 60-sec memories.  An unspecified device (1) 

scans the data on the magnetic loop that is recording the signals, 

(2) selects and rerecords significant ev its, i.e., signals in a speci- 

fied frequency range with amplitudes at least twice as large as thor.e of 

the noise background, and (3) automates the data input into a Minsk 22 

computer for further processing and analysis [75]. 

m*m 
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Fig.   47  — Block diagram of   the  telemetering system deploying  the 
SBU-V borehole  seismometer   [73] 
1 - borehole  package 
2 - SBU-V   seismometer 
3 - battery 
4 - parailel-voltage-and-current, double-loop, negative- 

feedback preamplifier 
5 - lightning protection device 
6 - cable 
7 - borehole 
8 - calibrator 
9 - amplifier 

10 - modulator 
11 - voltage stabilizer 
12 - battery 
13 - PPS-1M transmitter 
14 - receiver 
15 - current from power lines 
16 - filter 
17 - amplifier/limiter 
18 - converter 
19 - filter 
20 - battery 
21 - power amplifier 
22 - PVZ-T four-channel, ink-pen recorder or a 

preliminary-processing facility 
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D^ THE SHORT-PERIOD, VERTICAL-COMPONENT SEISMOGRAPH 

STATION NETWORK AT ALMA-ATA 

The six-station,  short-period, vertical-component seismograph 

station network at Alma-Ata is intended primarily for investigation of 

local selsmicity of the regirn near the city of Alma-Ata.  The location 

of the six stations of the nftwork, the names of the instruments deployed 

at the stations and their gains, and other pertinent data are summarized 

in Table 7 [76].  Except that the e are six rather than four stations in 

the network and these are equipped with SB'J-V and S'i-2M rather than 

SBU-V and SVKM-3 seismographs, which operate at a much higher gain 

(3 x 105 to 106 rather than 5 x 103), the Alma-Ata network is identical 

to the Tashkent network described in the previous section. 

The magnification curves of the SM-2M and SBU-V seismographs operating 

at the Alma-Ata network stations are shown in Fig. 23 and Fig. 26, 

respectively [30]. The use of integrating circuits made it pojcible to 

obtain magnification curves flat between 2 and 8 Hz [76].  The SM-2M 

and SBU-V seismometers, PVZ-T recorder, and the telemetering system 

used in the Alma-Ata network are described in detail in Sections I-A-6, 

I-E-10, and I-D-2, respectively.  The preamplifier packaged with the 

SBU-V and SM-2M seismometers and the components of the telemetering 

system are described in considerable detail in [77].  Since the response 

of the preamplifier is flat at temperatures up to only 450C, the SBU-V 

seismometers are not lowered into the boreholes to depths exceeding 

1000 to 1200 m [76].  Two of the borehole stations of the network 

(Alma-Ata, All) are also equipped with short-period ChISS seismographs 

similar to those which will be described in the next srction. 

In addition to being recorded in analog form by PVZ-T recorders, 

the seismic data transmitted to the Novo-Alekseyevskaya Central Station 

are also digitized on the UDAR-1M analog-to-digital converter and 

recorded on magnetic tape.  While computer time for further processing 

of seismic data is available, it appears that at present the digitized 

A seventh station, Kurty, is mentioned in [76], but since it is 
100 km away from the Novo-Alekseyevskaya Central Station and thus well 
outside the transmission range of the telemetering system (< 50 km), 
it cannot be part of the network. 
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seismic data are used for nothing more esoteric than preparation of 

nomograms fcr a more accurate determination of epicenters of local 

earthquakes. 

E.  OTHER SPECIAL SEISMOGRAPH STATION NE'lWORKS 

There may be other special networks of seismographic stations that 

are similar to those just described.  There may also be more sophisti- 

cated special networks under construction or in planning stages in 

different republics of the Soviet Union. 

An author's certificate [78], for example, was granted late in 1971 

to a group of Siberian seismologists for a seismograph station network 

deploying multichannel data transmission (see Fig. A8 for a block 

diagram of the proposed seismograph station network).  The seismic data 

acquired by three seismometers at each station are amplified and the 

signals from the amplifiers are frequency modulated by three subcarrier 

frequencies and then are filtered to eliminate crosstalk.  The signals 

are subsequently mixed and transmitted by a side-band transmitter to a 

central station »/here the input signal and the timing signal are recorded 

by a data storage device. The seismic signals from the three seismometers 

are then passed through three band-pass filters (operating at the same 

subcirrier frequencies), demodulated, and recorded on photographic 

paper. 

Another piper [79] discusses in general terras a rather sophisti- 

cated multichannel teletype seismograph network in Armenia that is 

suitable for earthquake prediction investigations.  It includes up to 

70 prognostic sensors and seismometers, installed at five stations, 

and a computer to analyze seismic data. 
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LV.  ChlSS AND PSS MULTIPLE-BAND-PASS SPECTRAL ANALYZING SEISMOCRAPHS 

A^ SHORT-TO-INTERMEDIATE PERIOD ChlSS SEISMOGRAPHS 

The short-period, photographically recording, multiple-band-pass 

ChlSS seismographs are intended primarily for determining velocity 

spectra.  They usually consist of (1) a short-period, vertical seis- 

mometer, (2) a variable gain, broadband amplifier, (3) band-pass channel 

filters, and (4) a light-beam oscillograph.  Although several different 

models of short-period ChlSS seismographs have been developed, in per- 

formance they differ mostly in the number and passband of their channels. 

A typical short-period, spectral analyzing ChlSS seismograph 

described in [80] is the seven-channel, vertical-component instrument 

deployed in the early 1960s at Talgar and several other Soviet seismo- 

graphic stations.  The transducer is the SVKM-3 vertical seismometer 

with T  = 4 sec and D = 0.55, driving a variable gain, broadband ac 
s s 

amplifier with unspecified gains.  The amplifier output is fed simul- 

taneously to seven LC filters each having a one-half octave passband and 

a skirt-slope of 24 dB/octave.  The filter settings (high-pass and low- 

pass critical frequencies) and center frequencies of the ChlSS seismograph 

at the Talgar station are given below and the velocity sensitivity curves 

of this instrument are shown in Fig. 49. 

Filter Center 
a 

Frequency Settings 
Channel (Hz) (Hz) 

1 0.24 to 0.4C 0.40 

2 0.55 to 0.84 0.80 

3 1.1 to 1.7 1.5 
4 2.2 to 3.3 2.7 
5 4.6 to 7.0 5.7 
6 9.2 to 14 11 
7 18 to 29 22 

^Determined from seismograms of local 
earthquakes. 
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SSI M*>  f.Rz 

Fig. 49 — Velocity sensitivity curves of the short- 
period, vertical-component ChISS seismo- 
graph deployed at the Talgar station in 
the early 1960s [80] 

■liJIM, JP* 

Later models of this seismograph were transistorized and drew 

6 to 10 mA at 6 volts. 

In 1958 Soviet seismologists set up a special station at Moscow — 

Moscow-1 or ChlSS-Moscow — to test and evaluate new models of spectral 

analyzing seismographs and to improve their performance.  Since the 

early 1960s most of the station's design efforts have been concentrated 

on developing low-noise, long-period amplifiers and filters for ChISS 

systems operating at longer periods [81]. 

The velocity sensitivity curves of a short-period, seven-channel, 

vertical-component ChISS seismograph used in detection and identirira- 

tion of nuclear explosions are shown in Fig. 50 [64]. This model, 

operating at somewhat longer periods than the one at Talgar, was deployed 

at the Moscow-2 station during the early 1960s [82].  The center fre- 

quencies of the six channels of this system (given in [64]) and the 

approximate maximum gain of each channel of the system (determined from 

Fig. 50) are as follows: 

T 
max Maximum 

Channel (sec) Gain 

1 0.2 ~300,000 
2 0.5 -90,000 
3 0.8 -60,000 
4 1.6 -18,000 
5 2.5 -6,000 
6 5 -2,000 
7 1.0 to 11 — 
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s. 
x 

10' 

5  10 f,ll/. 

Fig. 50 — Velocity sensitivity curves of the short-period, 
seven-channel, vertical-component ChISS seismo- 
graph deployed at the Moscow-2 station during 
iq^-iqe,*)   for detection and identification of 
nuclear explosions (f)M . 

Another slightly different intermediate-band, six-channel, three- 

component ChISS system was operated at the Moscow-1 and Sochi stations 

in the early 1960s. In this system the short-period SKM-3 seismometer 

was replaced with an SK seismometer with T = 12.5 sec. The only data 

available on this system are as follows [82,83]: 

L mmamm mmmm 
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Filter 

Channel 
Settings 

(sec) 
Maximum 

Gain 

1 
2 

0.9 to 1.6 
1.3 to 2.3 

10,000 

3 2.3 to 3.7   
4 3.7 to 7.0   
5 
6 

7 to 11 
1 to 11 

250 

B.  LONG-PERIOD ChISS AN.i PSS SEISMOGRAPHS 

1.  ChISS-DVO-25 Seismograph [81] 

The ChISS-DVO-25 is a 12-channel, spectral analyzing seismograph 

consisting of an SVKD-0 vertical or SGKD-0 horizontal seismometer with 

Ts = 20 to 25 sec couPled with an F117/8 galvanometer phototube pre- 

amplifier, a three-stage postamplifier, eight LC filters each having an 

octave passband, and a light-beam oscillograph er-iipped with GB-III 

or GB-IV galvanometers.  In addition to the eight filtered outputs, the 

system also records four channels of broadband data, including one at 

low gain. 

A block diagram of the ChTSS-DVO-25 seismograph and the frequency 

response curves of its Individual components are shown in Fig. 51. 

The various components of each channel are very loosely coupled so that 

the overall response of each channel is determined by the product of the 

responses of each component. The ChISS-DVO-25 can be operated with 

either the preamplifier or the postamplifier by itself, without either 

amplififci, or with the preamplifier and two of the three stages of the 

postamplifier.  When operated under stationary conditions the post- 

amplifier is usually replaced with another galvanometer phototube ampli- 

fier.  The technical specifications of the F117/8 phototube amplifier 

given in [81] are as follows: 

Internal noise   (1-2)-lO-2 pV 

Peak output signal   7 V 

Maximum gain   2000 

Peak input signal   3.5 mV 

Sensitivity   (4-5)»lO-7 pV 

^-^M-MMM MMBBIMi ■■'-■ 
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The gain of the first two stages of the postamplifier Is about 

2000, its internal noise is 1 pV, and the peak input signal at full gain 

is 250 yV. 

Theoretically calculated velocity sensitivity curves of the ChlSS- 

DVO-25 seismograph are shown in Fig. 52.  The high-pass and low-pass 

critical frequencies and also the actual operating gain of some of the 

channels are: 

Filter 
Settings Maximum 

Channel (sec) Gain3 

0.12 to 0.25   

0.25 to 0.50 — 

0.50 to 1.0 — 

1 to 2 12,000 
2 to 4 3,000 
4 to 8 900 
8 to 16 4,000 

8 12 to 25 4,000 

Gain at which these channels were operating 
at the ChlSS-Moscow station. 

Very few data are available on the ChISS-DVO-25 seismograph; it 

appears, however, that the operating model is a six-channel system, one 

broadband and five filtered outputs (channels 4 to 8 in the listing 

given above).  The somewhat idealized response curves of a six-channel 

ChISS system operating at the Sochi station in the mid-1960s, which 

almost certainly is the ChISS-DVO-25 seismograph, is shown in Fig. 53. 

^^^___,_ 
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S/«W    »J       33       W       i^       <r7      »   /ii/rf  25      T.sec 

Fig. 52 — Theoretically calculated velocity sensi- 
tivity curves of the ChISS-DVO-25 
seismograph [81] 

n 

•v 
\ 

il      0.5   0.7   U 10    JO       T,sec 

Fig. 53 — Somewhat idealized velocity sensitivity 
curves of the ChISS-DVO-25 seismograph 
operated at the Sochi station during 
the late 1960s [84] 

2.  ChISS-DVO-128 Seismograph [81] 

The ChISS-DVO-128 vertical-component seismograph is a ten-channel 

(eight filtered outputs of octave bandwidth and two broadband outputs) 

spectral analyzing seismograph.  The period range of the ChISS-DVO-128 

extends over the bandpass 0.5 and 128 sec.  The ten channels 

can be subdivided into two separate groups:  (1) intermediate band 

(0.5 to 1 sec, 1 to 2 sec, 2 to 4 sec, 4 to 8 sec, and 8 to 16 sec) 

and one broadband (0.5 to 20 sec) and (2) the long-period (16 to 32 sec, 

32 to 64 sec, and 64 to 128 sec) and one long-pei iod broadband (16 to 

128 sec).  A schematic block diagram of the ChISS-DVO-128 seismograph 

is shown in Fig. 54.  Both groups of channels operate from the same 
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1 0 

Fig. 54 — Schematic block diagram of the ChISS-DVO-128 seis- 
mograph [81] 
1 - SVKD seismometer 
2 - damping coil 
3 - signal coil 
4 - FU 117/7 or F117/8 galvanometer phototube 

amplifier 
5 - FU 117/5 galvanometer phototube postamplifier 

F. to F0 - LC filters 1     o 
bb-1 and bb-2  broadband channels 

SKD-0 seismometer.  The part of the ChISS-DVO-128 seismograph system 

that shapes the frequency response of six of the shorter period channel 

outputs is similar to that of the DVO-25, but has only five instead 

of eight LC filters.  The reaaining three very-long-period filter out- 

puts and one broadband output ^re formed by feeding part of the signal 

from the first galvanometer amplifier through an RC-integrating network 

and into a second, an F117/5 galvanometer phototube amplifier, with a 

gain of (? to 5) x 105 operated in an integrating mode.  The LC filters 

are also similar to those in the ChISS-DVO-25.  Output circuits of the 

broadband channels of the postanplifier provide drift compensation at 

very long periods.  Theoretically calculated velocity sensitivity 

curves of the ChISS-DVO-128 are shown in Fig. 55.  Figure 56 shows the 

MMM mmmntm 
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Fig. 55 — Theoretically calculated velocity sensi- 
tivity curves of the ChISS-DVO-128 
seismograph [81] 

actual velocity sensitivity curves of the ChISS-DVO-128 seismograph 

operating at the Obninsk station in 1971. 

3.  PSS Seismograph 

Two velocity sensitivity curves of PSS spectral analyzing band-pass 

seismographs are shown in Figs. 56 and 57.  While no data are available 

on !;his seismograph it appears to be the same system as that described 

in [85] and thus very similar to the ChlSS instrument.  The seismograph 

described in [85] consists of an SVKM-3 seismometer with 1^  ■ 3.5 sec, 

D = 0.7, coil resistance R = 80 ohms; a two-stage FI-2 galvanometer 
s     ' s 
phototube amplifier consisting of two uncoupled, slightly modified 

F117/10 phototube amplifiers operating in integrating mode, achieved 

by heavily overdamping the galvanometer; and LC filters loaded with 

GB-III-B-5 galvanometers.  The principal characteristics of the slightly 

modified F117/10 phototube amplifiers that are incorporated in the 

two-stage FI-2 amplifier system are: 

Natural period   2.5 sec 

Damping factor   65 

Time constant   200 sec 

Range of integration   3 to 200 sec 

Input noise   10"9 V 

Input impedance   1.1 kohms 

Dynamic range   78 to 98 dB 

Maximum gain   5 x 106 

MHH 
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Fig. 56 — Velocity sensitivity curves of the ChlSS-DVO-128 
(curves 1 through 8) and PSS (curves 9 through 11) 
seismographs operating at the Obninsk station in 
1971 [58] 
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s. 
X 

Flg. 57 — Velocity sensitivity curves of the PSS system oper- 
ating at the Sochi station during the late 19608 [841 
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The original PSS model was to be a four-channel velocity or dis- 

placement seismograph with the following filter settings and gains: 

Filter Setting 
Channel i     (sec) 

Maximum 
Gain 

PSS Velocity Meter 

1 4.5 to 20 2-103 

2 20 to 90 1.4-103 

3 60 to 230 1.1-103 

4 140 to 600 3.5-102 

PSS Displacement Seismograph 

1 
— —   ■     —            i 

6 to 25 2*103 

2 20 to 90 120 
3 50 to 190 16 
4 160 to 700 1 

The basic differences between the PSS and the three long-period 

channels of the DVO-128 band-pass seismographs arv   (1) the seismometers 

(short-period SKM-3 in the PSS and long-period SKD-0 in the ChlSS- 

DVO-128) and (2) the improved galvanometer phototube-amplifiers in the 

PSS (F117/10 in the first and second stages of the PSS versus the older 

F117/7 or F117/8 in the first stage of the LhISS-nVO-128 and the F117/5 

in its second stage). 

J 
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V.  LONG-BASE STRAINMETERS 

A. GENERAL 

Since 1961 Soviet geophysicists have installed long quartz-tube 

strainmeters at several Soviet geophysical stations.  The locations 

and the principal jiarameters of these instruments are given in 

Table 8.  Except for the strain seismographs In operation at Obninsk, 

all Soviet strainmeters are similar to those installed at the Kondar 

seismograph station. 

B. THE STRAINMETER AT KONDAR [86] 

The location of the Kondar station and the principal character- 

istics of the 19-, 18.5-, and 15.5-meter strainmeters operating at this 

station are given in Table 8.  The instruments are housed in an 110-m 

main tunnel and one of the 20-m side drifts bored in granite in the immediate 

proximity of a large fracture.  The strainmeters are located 40 to 50 m 

below the ground surface and 70 in from the tunnel opening.  The diurnal 

temperature variations in the tunnel are within 0.01oC.  The indicator 

is composed of 3 m sections of fused quartz tubing welded together. 

The diameter of the quartz tube is 4 cm and its walls are 2 to 3 mm 

thick. The piers and supporting members, located at 2.5-m intervals, 

are made of cuick-curing concrete.  The quartz tubes are suspended 

from the supporting members by wire slings.  A magnetostrictive cali- 

brator is inserted between two sectors of quartz tubing near the fixed 

end of the indicator. 

Two of the strainmeters at Kondar are equipped with identical 

magnifying systems that consist of a roller located between the free 

end of the quartz tube and a highly polished surface.  Displacement 

of the quartz tube turns the roller, which deflects the light beam 

incident on a mirror mounted on the roller.  The third strainmeter is 

equipped with a roller and a double-bow string, or a similar magnifying 

system, not in use with any other Soviet strainmeters. 

m—m —m—mmm-m 
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One of  the magnifying systems of  each  strainmeter  is used for 

direct  photographic  recording.    The  formula  for determining the beam 

deflection,   d,   on  the   film is d = 2L(S/D),  where  L   is  the optical 

lever,   S  the displacement,  and D the diameter of   the  roller  (equal  to 

4 mm).     The  light  beam  from the second magnifying  system is  incident 

on the splitter  lens  assembly of a phototube amplifier driving a record- 

ing galvanometer.     A  smoothed out plot of  tidal  strains  recorded by  the 

strainmeters at  Talgar,  Garm,  and Kondar stations   is  shown in Fig.   58. 

comprension 

■ 

0.8-1 

^  Jan.   1966 

Fig. 58 — Tidal strains recorded by the following 
strainmeters [86]: 
1 - Kondar, E150S component 
2 - Kondar, S150W component 
3 - Talgar, N-S component 
4 - Garm, N-S component 
5 - Garm, E-W component 

C.  THE STRAIN SEISMOGRAPH AT OBNINSK [90] 

The principal characteristics of the 34-m-long strainmeters operating 

at Obninsk are given in Table 8. The indicator consists of 1.6 to 1.8 m 

fused quartz tubing with an outer diameter of 7.0 to 7.7 cm and walls 

0.8 to 1.0 cm thick, joined by invar flanges.  The strainmeter is 

equipped with an electromagnetic calibrator. 
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Each strainmeter has  two  separate channeis.     The  secular strains 

and tilts are recorded with  the aid o,.   a 0.5-nnn-wide  slit  on a screen 

attached  to  the  quartz   tube.     A light  beam  transmitted  by  the slit   is 

incident  on  the  photocell  assembly of  a  phototube  amplifier,  which 

drives  the  recording galvanometer.     An overdamped  galvanometer with 

T    = 6 sec  is used  to eliminate  short-period noise. 

The seismic  data are acquired by another charnel   formed by a 

standard,  moving-coil   (velocity)   transducer of  the  SKM-3  seismometer 

wound with  3000  turns of  coil which drives a 100-sec   DG-1001  galvanometer. 

The parameters of   the  transducers and  galvanometers  used  in  the two 

strainmeter channels  that  record seismic  data are  summarized  in Table  9. 

The magnification curves of   these  two  channels are  shown   in  Fig.   59. 

In Table 9,   T     is  the  galvanometer  period,   D     is  the damping factor, 
B g 

R is coil resistance, CDRX is the external critical-damping resistance, 

C is the current sensitivity, K is the moment of inertia, G is the 

signal-coil generator constant, and R  is its coil resistance.  The 
c 

recording speed of this channel is 120 mm/min. A record of the N-S 

component of tidal strains recorded by the Obninsk strainmeter on 

March 11, 1970, is shown In Fig. 60 [90]. 

Table 9 [90] 

PARAMETERS  OF  TRANSDUCERS AND GALVANOMETERS  OF THE   STRAINMETER 
CHANNEL  THAT  RECORDS   SEISMIC  DATA 

(as of January  1970) 

g 
Compass       (sec) 

N-S 

E-W 

100 

100 

D 
S 

2.A 

2.4 

R 
g       |    CDRX 

(ohms)   i (ohms) 
■+■ 

96.3 

101.8 

1164 

1260 

(amp/m at   1 m) 

4.24 x  10"11 

3.72 x  lO-11 

K 
g 

(gr«cm?) 

1.64 

1.61 

[v/(m/sec)] 

168.5 

187.5 

R 
c 

(ohms) 

1164 

1260 

mt* 
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10    10°   10^   10'* T,sec- 

Fig. 59 — Magnification curves of the strainmeter 
channels recording seismic data and of 
the Press-Ewing seismograph [90] 
1 - strain seismograph (since 1 Jan 70) 
2 - Press-Ewing seismograph 
3 - strain seismograph (hefore 1969) 

0.2oC 

r~ 
8    9  W   II   12 1.1 II   tS   lb'   17  lit  13 7.11 21 22 23 ?M 01 02 03 0V 

,1.5 x 10 

Fig. 60 - Tidal strains as recorded hy the N-S component of 
the Obninsk strainmeter, March 11, 1970 [90] 

NOTE:  The sudden variation at 1000 hours occurred 
when the lights in the tunnel were switched on. 

■■■■M 
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VI.  AUXILIARY EQUIPMENT 

A.  TIME SERVICE EQUIPMENT 

1.  Digital Quarts Clock fo- Unattended Seismographs [1] 

This unnamed digital quartz clock is designed for unattended 

seismographs operating either in standby or continuously recording 

mode.  A 100 Hz signal, generated by a thermostated quartz crystal 

oscillator, is fed into a frequency divider; this generates second and 

minute pulses and inputs them into an unspecified converter which desig- 

nates binary coded minute marks.  The accuracy of the clock is better 

than ±0.01 sec per 10 days of operation.  The quartz clock requires a 

3 V and a 12 V dc power source.  The dimensions of the components of the 

quartz clock and their power consumption are as follows: 

Frequency divider and encoder 
diameter   15 cm 
height   4 cm 

Thermostat 
diameter   13 cm 
height   23 cm 

^ower consumption 
frequency divider   0.6 W 
encoder   0.8 W 
thermostat   0.3 W/0C (at T 

35 to 50oC) 

2.  PKCh Quartz Clock [1] 

The PKCh-2 portable quartz clock is designed to provide precise 

timing signals for geophysical, including seismological, applications. 

The PKCh provides hour, minute, second, and 1/100 sec timing marks. 

The output timing pulses can be synchronized to radio transmitted 

signals with an accuracy of 0.01 sec.  The technical specifications of 

the PKCn-2 are as follows: 
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Frequency 
F reference frequency   100 kHz 

amplitude   >0.5V into a ♦ 10 kohm load 

F through F,   100 Hz, 1 Hz (sec marks), 
1        4 1/60 Hz (min marks), 

1/3600 Hz (hour marks) 

Amplitude   5 V into a 100-ohm load 

Pulse width 
sec marks   0.1 sec 
min marks   1 sec 
hr marks   2 sec 

Accuracy   > 5% 

Output v/oltage deviation   > 5% 

Operating temperature   +10oC to +40oC 

Relative humidity   up to 95% 

Power supply   110, 127, 220, or 230 V ac 
or 6 V dc; 25 W 

3.  l-ZPG-23 Precisior. Timing System [1,45] 

I_7PG-23 precision timing systems are manufactured in Czechoslovakia 

and intended for geophysical and astronomical applications and apparently 

have been installed at no fewer than forty base seismographic stations 

in the Soviet Union.  The l-ZPG-23 provides timing marks at the following 

time intervals:  0.00001, 0.0001, 0.001, 0.01, 0.02, 0.1, 1 sec; 1 rain; and 

1 hr. The timing system consists of a 100 kHz thermostated crystal 

oscillator, a contact closure module, two power amplifiers, and a module 

for synchronizing the output timing pulses to any real-time function 

(radio transmitted signals). 

The technical specifications of the l-ZP(;-23 timing system are as 

follows: 

Frequency 
F- reference frequency   100 kHz 

F. through FQ   105, 10\ 103, 102, 5 x 101, 
1        y 101, 1, 1/60, 1/3600 Hz 

Aging rate 
(first 30 days of contin- 
uous operation)   5 x 10~9/day 

(after 1/2 year of contin- 
uous operation)   1 *  10~9/day 

MHH mam MOBMBa 



Wr^WPP.WWPI-UP^^PPlWWXIPPPJil "V l-»*»'-""»l.- —    -  —w.~-.n-^"^   iivi.iiii^^a    a  Mpf     im,m*    ^"" 

128 

Adjustment   Frequency adjustment to 
compensate for crystal 
aging for up to 0.5 Hz 

Output signal at front panel ... 1 V 

Operating temperature  +50C to +380C 

Temperature stability 
+150C to +250C   5 x 10"10/oC 

Power supply  Two sources:  220 V ac (50 Hz) 
and 12 V dc, 50 W 

Weight   30 kg 

4. OAB Absolute Time Marker [1] 

The OAB one-channel, absolute-time marker records a coded signal 

on magnetic tape, photographic paper, or film. When recording begins, 

the number of the time mark (for example, a minute mark) is registered 

in code by means of alternating-polarity time marks of the least 

significant bit (for example, second marks). The OAB can be used with 

any clock that provides second-and-minute or minute-and-hour pulses. 

The diameter of the unit is 16 cm and it is only 3 cm high.  The OAB 

draws a current of 300 mA from a 3 V dc source. 

5. RFU Time Signal Receiver [1] 

The RFU is a receiver of time signals transmitted over the standard 

broadcast system.  The 1000 Hz tone transmitted on the exact hour is of 

unspecified duration.  The receiver is equipped with a regulator, a 

clipper limiter, and an active 1000 Hz filter. Narrow band-pass and 

clipper limitation sharply improve the transmitted signal in spite of 

the noise and broadcasting transmission. The receiver controls the time 

marks that are printed on seismograrnb. A clock mechanism in the RFU 

turns the receiver every hour in order to record the signal automatically. 

A few of the available specifications of the RFU receiver are as follows: 

Input signal   0.1 V 

Power supply   12 V dc, 2 W 

Dimensions   16 x 13 x 8 cm 

Weight  2 kg 

Operating  temperature     +50C  to +40oC 

—■—II um 
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B.  MAGNETIC DRUM RECORDERS AND TAPE LOOPS 

1.  SZZ Magnetic Drum Recorder [1,97] 

The SZZ 6-channel magnetic drum recorder has a 20 sec memory and 

is intended for registration of teleseismic events without a loss of 

first motion.  It was developed in the early 1960s for use with the stan- 

dard broadband SK seismometer and the short-period SKM-3 with 1000-ohm 

signal coil.  Below a certain threshold, a magnet continuously erases 

transducer signals recorded on the drum. Any seismic event above the 

threshold actuates a heated-stylus recorder or a light-beam oscillograph, 

which rerecords from the drum ,..nout a loss of motion.  A block diagram 

of a seismograph system deploying a SZZ magnetic drum recorder is 

shown in Fig. 61.  Technical specifications of the SZZ magnetic drum 

recorder used with SK seismometers are as follows: 

Number of channels   6 

Memory   20 sec 

Dynamic range  ^6 to 50 dB 

Modulation type   FM 

Center frequency   150 Hz 

Percent modulation   -50% 

Frequency response (with SK 
seismometers)   0.2 to 10 sec 

Gain (with SK seismometers)   1000 

Power supply   12 V dc; 6 V; 30 W 

Dimensions   54 x 50 x 50 cm 

Weight   ^0 kg 

It is intended for operation at permanent stations at temperatures 

between +10oC and +30oC and a relative humidity of up to 80 percent. 
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Fig.   61  —  Block diagram of  the SZZ magnetic drum recorder   [98] 
1 - seismometer 
2 - preamplifier 
3 - modulator 
4 - magnetic drum 
5 - heads 
6 - erasing magnet 
7 - demodulator 
8 - postamplifier 
9 - heated-stylus or light beam recorder 

2.  Six-Second-Memory Magnetic Drum Recorder [99] 

This unnamed 7-channel magnetic drum recorder with a 6-secoiid 

.uemoiy was developed in the late 1960s for registration of near earth- 

quakes.  Its operation is similar to that of the SZZ described in the 

previous section.  The drum recorder was used with VEGIK seismometers 

with a 1000 ohm signal coil and a modified P0B-12M light-beam oscillo- 

graph actuated by a seismic trigger.  The technical specifications of 

the recorder are as follows: 

Number of channels   7 

Memory   6 sec 

Modulation type   PFM 

Center frequency   300 Hz 

Percent modulation   — 

Input noise   3 MV 

mm mm- w 



mm^m^'^vem^*^'*m^***mmmm* 

131 

Frequency response   0.1 to 7 Hz 

Dynamic range   50 dB 

Ma/.imum gain     20,000 

Power pupply   12 V dc, 4 W, and 50 W 

Dimensions   47 x 47 x 52.5 cm 

Weight   35.5 kg 

3. MZ1 and MZ2 Tape Loop Devices [26] 

The MZ1 and MZ2 tape loop devices, with five-minute and one-minute 

memories, respectively, were developed recently for use with triggered 

digital seismograph systems that incorporate 17-track tape recorders 

such as the LMR series used in the KOD seismograph station networks. 

C.  ANALOG-TO-DIGITAL CONVERTERS 

1.  F-004 Seismogram Digitizer [1,100] 

The F-004 is a multipurpose visual digitizer designed in the early 

1960s to convert seismogram traces into ten-bit normalized code, punched 

on cards, and decimal numbers, punched on paper tape.  The digitizer 

can measure ordinates of traces not exceeding t7  cm at equal sample 

intervals, recorded on seismograms up to 30 cm wide and 20 m long. 

The technical specifications of the F-004 digitizer are as follows: 

Sample values   < ' 7 cm 

Maximum sample value error   0.5 mm 

Sample intervals   0.1, 0.2, 0.4, 0.8, 1.6, 
3.2 t5% 

Screen magnification   1:1 or 3:1 .410% 

Digital potentiometer 
linearity   <0.'?% 

Digital voltmeter accuracy   <0.5% 

Sampling rate   from 1 sample/min to 
60 samples/min 

Power supply   220 V ac, 50 Hz 

Dimensions   80 x 60 x 65 cm 

Weight   125 kg 

mmdm 
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2.  UDAR-1M Analog-to-Digltal Converter [1] 

The UDAR-1M solid-state analog-to-digltal converter is a multi- 

channel successive-approximation unit that converts electrical signals 

into 11-bit code, recorded in parallel on magnetic tape by an LMR-type 

recorder.  The principal technical specifications of the UDAR-1M 

digitizer are as follows: 

Number cc channels   10 (1,2,5) 

Input voltage   0 to 10 V 

Input impedance   10 kohm 

Least significant bit   +5 mV 

0utPu,:   parallel binary code 

Power supply (KOD-III)   9.5 to 10 V, <0.5 

+1.5 V, -0.1 amp 

Dimensions   42 x 37 x 50 cm 

Originally developed exclusively for use with the KOD digital seis- 

mograph systems for nuclear test detection (see Section III-A), it is 

also being used with other digitally recording seismographs. 

■MMHMHBH J 
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VII.  CONCLUSIONS 

A.  SHORT-TO-INTERMEDIATE PERIOD SYSTEMS 

1.  Seismometers 

Soviet design philosophy reflects a desire for magnification curves, 

either peaked or flat in the 0.1- to 1-Hz frequency range.  This, in com- 

bination with the Soviets' overwhelming preference for galvanometric 

amplificacion and recording, leads to a need for seismometers with 

natural periods up to 4 or 5 sec.  It is generally easier to scale down 

a Galltzin or Press-Ewing type seismometer for 5-sec operation than to 

increase the natural period of a typically lower-mass, translatlng- 

type-suspenslon, nominally 1-Hz seismometer such as the Willmore or 

Mark Products L4C geophone.  Therefore, a need for natural periods of 

4 to 5 sec resulted in the general use of pendulum-type seismometers of 

fairly large mass, equipped with zero-length springs for restoring moment 

and with cross-flexure hinges.  The resulting short-period seismometers are 

quite large — the KS, the newest experimental model, is 86 cm long and 

weighs 84 kg.  The smallest seismometer appears to be the 2-sec SM-3 

which is approximately 23 cm long and weighs 5.5 kg. 

A practice followed in the design of virtually all short-period 

seismometers Involves attaching the signal coil some distance beyond 

the center of oscillation of the pendulum (about 3 times the reduced 

length) to obtain mechanical amplification through leverage on the 

ground motion.  This practice is used to compensate partially for 

transducer (coil-magnet) sensitivities which are generally poorer than 

sensitivitieb that result from coil-magnet systems of equivalent size 

made of modern, high-performance magnetic materials, such as some of the 

alnico alloys.  It may also serve to produce higher level outputs to 

drive galvanometers or, where noise and sensitivity values warrant it, 

to drive amplifiers. 

2.  Galvanometers 

Galvanometer sensitivities (about 10"^ amp/mm at 1 m for a 50-ohm 

coil and 1-Hz natural frequency) are similar to those of the U.S. models. 
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A difference exists in the large amount of open circuit damping present 

in the Soviet units (e.g., CDRX is about 10 times the coil resistance). 

This nay reflect either air damping caused by the larger coil formers 

used or the presence of eddy-current damping (intentional or uninten- 

tional) in the magnetic circuit.  Soviet galvanometers generally use a 

copper alloy suspension rather than the gold suspension normally used 

in U.S. designs. 

3.  Amplifiers 

The standard UPN-3 short-period amplifier exhibits a maximum gain 

of 70 K and input RMS noise of 1 uV in the 0.5- to 10-Hz range.  Both 

discrete and IC amplifiers available in the United States in the early 

1970s were capable of voltage gains of 10f' at equivalent input RMS 

noise levels of 0.05 ^JV. These differences are great and the low gain 

and high-input noise of the UPN-3 amplifiers doubtless contributes to 

difficulties in obtaining maximum noise-free magnification from relatively 

weak coil-magnet systems. 

4.  Recorders 

The rS-3M drum recorder is similar to conventional photographic 

recorders universally employed in seismology in systems equipped with 

galvanometric recording.  Visual ink-pen and hot-pen recorders are used, 

as are portable multichannel light-beam oscillographs.  A high-resolution 

microphotorecorder for unattended operation, utilizing 70-mm film at a 

speed of 3.6 mm/min and at 0.2-mm line spacing (with a slowest speed 

of 1.75 m of film per month) appears to be quite sophisticated and reflects 

the current state of the art.  An electrostatic time-delay transfer-type 

recorder is available for triggered application. 

Magnetic-tape analog FM recording appears not to be standardized 

in respect to center frequencies and tape widths but is in use in several 

laboratories.  Dynamic range claims of 35 to 40 dB are reasonable.  How- 

ever, the slow speed of 0.1 mm/sec (0.004 ips) direct-record system in 

the 0.03- to l-Hz band is a major accomplishment. 
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5.  Seismographs 

In general, short-period seismograph systems operate at lower mag- 

nification at 1 Hz than equivalent U.S. seismographs (i.e., 10^ vs 105). 

A peak magnification of 20,000 to 50,000 is termed high gain.  More 

attention is given to obtaining flat magnification curves; this requires 

heavily-damped galvanometers with higher natural frequencies than the 

natural frequency of the seismometer.  This approach is seldom followed 

in U.S. systems. 

The short-period frequency range of interest seems to be 1 Hz and 

somewhat lower, as opposed to 1 Hz and a little higher in most U.S. 

systems.  This may reflect generally lower microseisms in the Asian 

midcontinent than in the United States and greater attention to tele- 

seismic and regional earthquakes. 

A portable 3- or 4-component station utilizing magnetic tape 

recording has been developed for field network Installation. 

Bj; LONG-PERIOD SYSTEMS 

1.  Seismometers 

The SKD and DS long-period seismometers are low-mass versions of 

the U.S. Press-Ewing-type models using zero-length springs in configura- 

tions not quite satisfying LaCoste suspension geometries.  Toil-magnet 

transducers are less sensitive than equivalent U.S. systems, and it 

would appear that nonlinear behavior would limit their operation to 

natural periods of about 20 to 25 sec.  Despite 1- to 2-kg inertial 

masses, the seismometers weigh 30 to 70 kg (presumably this includes 

cases).  Sketchy descriptions of recent seismometer models indicate 

modifications in the spring, the inertial mass, and the hinges intended 

to improve stability at longer periods.  Soviet seismologists have 

recently developed several types of feedback-controlled seismometers. 

In the most sophisticated model a signal from an unspecified displacement 

transducer fed back degeneratively to the damping-coil transducer through 

a low-pass filter with a long time-constant increases its stability at 

least 50 times in comparison with that of standard Soviet mechanical 

MMM .^^-^^^^ 
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seismometers.  Negative feedback, signals proportional to velocity and 

acceleration increase its damping and period, respectively.   This 

seismometer with a much improved sensitivity (as high as 30 mV/mm) and 

a natural period adjustable between 3 and 300 sec is comparable with 

the conventional long-period models developed In the United States. 

However, even this, the best Soviet .long-period seismometer, does not 

have the. stability, sensitivity, and environmental immunity of the most 

modern U.S. high-gain, long-period seismographs; these are capable of 

magnification ^lO5 at 40 sec period. 

2.  Galvanometers 

The Soviet .■ nd East German galvanometers appear to be of excellent 

quality, with natural periods of up to 500 sec in some experimental 

models.  Galvanometer sensitivities are comparable to U.S. motlels. 

Copper alloy rather than gold is used as suspension material, and open 

circuit damping is extremely low. 

3. Amplifiers 

The 1 uV noise attained for solid-state amplifiers is sufficient 

for driving visual or magnetic-tape recorders or analog-to-digital 

converters. 

4. Recorders 

Photographic or visible-helical-drum recorders seem to be widely 

used.  A relatively slow-speed FM tape unit with an almost unbelievable 

dynamic range of 57 dB (0.01 to 15 Hz) is described. A 10-bit analog- 

to-digital converter and multiple-channel digital recording system have 

also been dt-vcloped. 

Uli Lie not specifically mentioned by Soviet seismologists, velocity- 
teedback damping is superior to eddy-current damping; unlike eddy-current 
damping, velocity-feedback damping does not increase instrument noise 
due to increased Brownian motion. 

The use of degenerative feedback signals proportional to velocity 
and acceleration is probably necessary because the mechanical design 
of this seismometer does not allow clean operation at T  s 20 sec. 
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5.  Seismographs 

Once again emphasis appears to be on flat magnification (usually 

< 1000) over a wide frequency range.  This is obtained with either 

a heavily-damped, short-period galvanometer (0.1- to 20-sec period 

response) or with a lightly damped, long-period galvanometer and heavily 

damped seismometer (1 to 100 sec).  Experimentation with feedback, 

tiltmeters. Hall-effect transducers, and gyroscopic feedback are indica- 

tive of a search for bettor long-period systems.  The shortcomings 

in stability at long periods due to geometry, hinges, and spring material; 

appears to have been solved only in the most recently developed experi- 

mental SD-III model. 

C. DIGITAL SYSTEMS 

The KOD and Triangle systems are 3- or 6-channel (3 long-period, 

3 short-period) digital systems recording on magnetic tape at 33 11-bit 

words per second (similar to the FSK rate in the United States).  Photo- 

tube galvanometer amplifiers (0.1 uV noise) are used with a notch filter, 

eliminating 6- to 8-sec mic oseism.c. 

A special-purpose computer is used to process the data.  General- 

purpose computers for subsequent processing, described 'n Appendix A, 

appear to be more than adequate for seismological purpores (e.g., 

0.6-usec floating-point multiply, 64-bit word). 

D. TELEMETRY 

At Tashkent, Alma-Ata, and possibly Siberian locations, radio 

telemetry of local network data up to 50 km is employed, using fairly 

high RF power levels (tens of watts).  Multiplexing of data channels is 

apparently possible, with analog and/or digital magnetic-tape recording. 

Borehole seismometers are utilized to depths of 1 km. 

E. SPECIAL SYSTEMS 

It would seem that the general unavailaMlity of digital recording 

and processing has led to visual registration of data in requirea band- 

widths.  This is obvious in the multiple band-pass spectral analyzing 

systems, such as ChISS and PSS, which record 7 or 8 narrow-band output 

channels in the 20-Hz to 200-sec range. 

Mam 
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Benioff-type quartz strainmeters of 10- to AO-m length, utilizing 

optical (direct and phototube amplifiers) or magnet-coil transducers, 

are used at several stations.  The noise levels appear to be in the 

10~9 range of strain. 

F. TIMING SYSTEMS 

Crystal clocks with stabilities of 10"9 and 10~8 per day are 

reported for laboratory and remote use, respectively.  The power requiie- 

ments of several watts for their clocks suggest that Soviet seismologists 

do not have micropower (CMOS) design components. 

G. SUMMARY 

From this study of Soviet seismometry certain general conclusions 

can be drawn about Soviet design philosorhy, mechanical-electronic 

technology, and operational goals: 

(1) Short-period seismometer design is constrained by a tendency 

toward massiveness, probably the result of low output coil- 

magnet systems and noise levels in amplifiers and galvanometers. 

Magnification of 20,000 to 50,000 at 1 Hz is considered high 

gain.  Even the borehole 1-Hz seismometer is a zero-length 

spring pendulum design. 

(2) Soviet seismologists show more interest in systems with flat 

response in the i-to-10-sec period band than do U.S. seismologists, 

Except possibly for the most recently designed, experimental 

SVD-II1 and feedback-controlled models, Soviet long-period 

seismometers, with upper-period limits of near 25 sec and 

peak system magnifications of 1000, are apparently .iot as 

mechanically and geometrically precise as the modern U.S. 

Press-Ewing types. 

(3) Wide use is made of mechanical gain (or attenuation).  This is 

obtained by varying the coil position relative to the center 

of oscillation of the pendulum. 

MMiMMBaMa 
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(4) In shaping response curves of Soviet Instruments, much greater 

use Is made of heavy damping tian Is made In the more conven- 

tional, critically damped models common In U.S. systems. 

(5) Galvanometers are well developed for short-period applications 

and reflect the current state of the art at 100- to 500-sec 

periods. 

(6) The noise of older Soviet solid-state amplifiers is one to two 

orders of magnitude higher than that of U.S. models. 

(7) Frequency-modulated magnetic tape recording, while not stand- 

ardized, seems to be well developed for slow-speed work, 

with reasonable signal-to-noise ratios. 

(8) Digital systems are few, special purpose, and rather primitive. 

(9) FM telemetry, both RF and audi» frequency, is in use at a 

few networks, but not generally applied. 

(10) Photo-optical technology is wel' developed as evidenced in the 

microphotorecorder. 

(11) In recording, the emphasis seems to be on obtaining the 

records with the response needed in analysis — as opposed to 

broadband, wide-dynamic-range recording and subsequent proces- 

sing.  This is also partially true in the few digital systems, 

where limited word lengths and sample rates necessitate some 

degree of signal conditioning.  This is doubtless a consequence 

of the inaccessibility of computer-processing facilities for 

routine selsmological studies. 

mmm 
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Appendix A 

SOVIET COMPUTERS USED IN SEISMOLOGY 

Table A-l gives the main parameters of the Soviet computers that are 

most frequently used in seismology.  The specifications of the most 

recent line of third-generation Ryad computers, some of which have 

only lately been introduced, are given in Table A-2.  The largest of the 

Ryad computers in Table A-2 are probably not available except for the 

highest priority applications. 

Table A-l [101] 

MAIN PARAMETERS OF SOVIET COMPUTERS USED IN SEISMOLOGY 

Parameters BESM-4 BESM-6 Minsk-22 Minsk-32 M-222 Basoni 

Word length (bits) 45 50 37 37 45 50 

Addresses 3 1 2 2 3 1 & 3 

Operating speed (usec) 
average 
add 
multiply 

50 
47 
94 

1 
1.1 
1.9 

200 to 167 33 to 25 
15 to 40 
15 to 125 

37 25 to 10 
6 to 13 

up to 13 

Main memory capacity 
(103 words) 

8 32 8 16 to 65 32 32 to 65 

Access time (psec) 10 2 24 5 6 6 

Secondary storage 
capacity 

drum (103 words) 
tape (106 words) 

64 
4 

132 
32 1.6 12 

0 
8 to 40 48 

Typewriter-input speed 
(cards/min) 

700 700 200 600 700 700 

Printer output speed 
(lines/min) 

400 400 300 400 400 400 

Preceding page blank 
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Appendix B 

NEW SOVIET SEISMOGRAPH STATIONS 

Part I of this Report summarized the data on 5A base seismographic 

stations operating in the Soviet Union at the end of 1970 and 114 

regional stations operating at the end of 1969.  A recently published 

reference [1031. made it possible to update the data on regional stations 

through the end of 1970 and to list five of at least two dozen additional 

stations which have become operational since January 1970.  Four regional 

seismographic stations (Alia, Barguzin, Khaim, and Kyakhta) all located 

in Baykal were closed in 1970, but seven new regional stations began 

operating in the same year [103]. Table B-l gives the pertinent data on 

seismographic stations which were not included in Part I of this Report. 

No data are available on the other stations which became operational In 

the Soviet Union since January 1971. 

Table B-2, based on reference [109], summarizes the data (components 

and gain) on the standard SD-1 seismographs operating at Soviet seis- 

mographic stations by July 1972. 
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Table B-l 

NEW SOVIET SEISMOGRAPH STATIONS 

Station Name, 
Type3, and Date 

It Began 
Operating Seismograph 

Maximum 
Gain 

m Location Seismic Zone Reference 

Arkit (r) 
(1970) 

SKD 
SKM-3 

1,000 
25,000 

41048,N, 71057,E 
(Kirgizia) 

Central Asia [103] 

Arslanbob (r) 
(1970) 

SKM-3 28,860 4102C'N, 71051IE 
(Kirgizia) 

Central Asia [103] 

Baldone (t) 
(1971-1972) 

SK 
SD-1 500 

56057,N, 24o06,E 
(Riga, Latvia) 

— [104] 

Boom (r) 
(1970) 

SVKM-3 
SGKM-3 

32,000 
50,000 

— Baykal [103] 

Chita (r) 
(1970) 

SKM-3 6,000 52o03,N, 113o30,E Baykal [103] 

Kadzhi-Sayb (r) 
(1970) 

SK 
SKM-3 

— 59056,N, 82034'E Central Asia [103] 

Minsk (t) 
(1971-1972) 

SKD 
SD-1 — 

53054,N, 27034'E 
(Belorussia) 

— [105] 

Noril'sk (b) 
(1973-1974) 

— — 69021,N, 88o02,E Arctic [106] 

Sheki (r) 
(1972) 

SKM-3 — 41012,N, 47012,E 
(Azerbaydzhan) 

Caucasus [107] 

Tkibuli (r) 
(1970) 

SVKM-3 
SGKM-3 

21,000 
22,000 

42022,N, 42059,E 
(Georgia) 

Caucasus [103] 

Ura-Tyube (rj 
(1970) 

SVK 
SGK 

1,000 
1,400 

39055'N, 69o01,E 
(Kazakhstan) 

Central Asia [103] 

Vilnius (t) 
(1971-1972) 

SKD 
SD-1 — 

54041,N, 25019'E 
(Lithuania) 

— [108] 

Regional stations are indicated by 
stations by (t). 

Formerly Rybach'ye. 

(r), base stations by (b), and teleseismic 
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Table B-2 

SOVIET SEISMOGRAPHIC STATIONS THAT BY JULY 1972 
HAD SD-1 SEISMOGRAPHS [109] 

Maximum Gain 

Station N-S E-W Z Period in Operation 

Apatity — — 970 From August 1970 

Bakuriani 
^_ 

— 560 
1400 

December 1971 to May 197 
From 1970 

Gam 800 
100 

800 
100 

— 1968 to 1970 
From 1970 

Irkutsk 200 200 200 From March 1971 

lul'tin 1000 
35a 

980 
35 

980 From June 1970 
From March 1972 

Kishinev 
750 750 

1080 From January 1970 
From October 1972 

L'vov 
900? 900? 

900 From June 1969 
From July 1972 

Temporary Sta- 
tion No. 3 770 770 

750 From January 1971 
From January 1972 

Moscow — — 1070 From January 1968 

Petropavlovsk 1100 
860 

1100 
960 

1050 
960 

May 1969 to July 1972 
From July 1972 

Pulkovo — — 1000 From February 1970 

Simferopol' 

830 830 
980 From November 1969 

From November 1970 

Sochi — — 1500 From August 1971 

Low-gain channel. 
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